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(vecuronium bromide) for injection 


In the vial-syringe package... 
reduces preparation time, cost, and waste. 
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Each 10 mL vial contains 10 mg of 
lyophilized vecuronium bromide. Each 

10 mL prefilled syringe of diluent contains 
bacteriostatic water for injection, USP. 
Supplied in boxes of 10. 


O Convenient, easy to mix...cuts prepa- 
ration time. 


CO Each vial-syringe unit comes complete ~ 
with its own 22-gauge 14-inch needle, an 
added benefit at a cost saving when 
compared to atracurium. 


can be stored for up to five days. j 
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Available in the 5 mL vial pack 
with diluent, 10 mL vial pack with 
diluent, and 10 mL vial pack without 
diluent—as well as the new 
vial-syringe convenience pack. 
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vouldn’t find another pulse oximeter that measures up 
) Invivo's 

Designed for high performance, the Invivo 4500 
ulse Oximeter™ is compact and lightweight. And with 
1ore integrated functions and features, it’s by far the 
1ost advanced pulse oximeter on the market today 

With features like audible and visual alarms and a 
uilt-in printer for trends and display of real-time pulse 
waveforms. And functions like trending of saturation 
nd pulse rate from 30 minutes to 72 hours, a superior 
gital phase-locked ESU filter and our sophisticated 
ulse-Trak™ light bar. Al! give you a level of intelligence 
never before available 


OXYGEN SATURATION so, SYSTEM STATUS menu moves 


PULSE RATE BEATS PER MINUTE 
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DESCRIPTION: SUFENTA is a sterile, preservative tree, aqueous solution containmg sufentanil citrate e! 
lent to 50 pg per mi of sufentanil base for intravenous injection. The solution has a pH range of 3.5-6.0 
INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated As a” analgesic adjunct in the 
maintenance of balanced g2neral anesthesia. As a primary anesthetic agent for the induction and maintenance 
of anesthesia with 100% oxygen in patients undergoing major surgical procedures, such as cardiovascular 
Surgery or neurosurgical procedures in the sitting position, to provide favorable myscardial and cerebral oxygen 
balance or when extended postoperative ventilation is anticipated. SEE DOSAGE CHART FOR MORE COMPLETE 
INFORMATION ON THE USE OF SUFENTA 
CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known bypersensitivity to the drug 
WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of 
intravenous anesthetics and management of the respiratory effects of potent opioids. 
An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily 
available. 

JFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related Administration of SUFENTA may produce musoular rigidity with a more rapid 
onset than that seen with fentanyl. SUFENTA may produce muscular rigidity that «volves the skeletal muscles 
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zing dose of a non-depclarizing neuromuscular blocking agent just prior to-administration of SUFENTA at 
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relaxant and the degree of skeletal muscle relaxation required $ 
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prior to discharging the patient from the recovery area. interaction with Other Central Nervous System 
Depressants: Both the magnitude and duration of central nervous system and cardiovascular atfe 
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should be administered with caution due to the importance of these organs in the metabolism and excretia 
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sufentanil citrate Ijection C 


Predictable control for longer, more stressful procedures 


PROVIDES smooth induction’ 


BLUNTS hemodynamic response to intubation 
and surgical stimulation? 


REDUCES need for vasoactive drugs in 
the intraoperative and postoperative periods’ 


RESULTS in lower postoperative morbidity after 
aortic surgery compared with isoflurane’ 
(in a randomized study comparing sufentanil and isoflurane) 
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continuous cardiac output monitoring. 


ACCUCOM 2 


More information sooner, for better decisions faster... 


without a catheter. 


Clinicians nationwide are now recognizing the 
importance of continuous cardiac output monitoring in a 
wide range of clinical applications. Even when heart rate 
and blood pressure remain constant, continuous 
monitoring of changes in the patient's cardiac output can 
warn the clinician sooner of hypovolemia, hemorrhage, 
cardiac insufficiency, adverse drug reaction, and other 
problems—giving extra time to take appropriate 
corrective measures. 


The full hemodynamic picture at a glance— 
safely and reliably 


Instead of requiring the insertion of a catheter, the 
ACCUCOM 2 uses an ultrasound esophageal probe to 
measure blood flow in the aorta. A one-time calibration 
with a suprasternal sensor ensures accurate measure- 
ment. And the newly designed esophageal probe offers 
increased sensitivity and greater stability for improved 
performance. 


Because of the inherent safety of the ACCUCOM 2 tech- 
nique, amuch wider range of patients can now be moni- 
tored continuously for cardiac output. The ACCUCOM 2 
continuously monitors and clearly displays all key hemo- 





Datascope 


dynamic data—cardiac output, cardiac index, systemic 
vascular resistance, stroke volume, heart rate, and 
ejection time—on an easy-to-read CRT screen. 


Access to the patient's real-time hemodynamic status 
can mean a quantum leap in patient care and safety, pro- 
viding data on which to make critical therapeutic deci- 
sions and forewarn the clinician. 


The newest trend in accurate, continuous 
cardiac output monitoring 


The ACCUCOM 2 makes it easy to position the probes. 
The automatic measurement of signal quality and on- 
screen display of velocity trace allow visual confirmation 
of probe position, ensuring accurate monitoring. Accu- 
racy of the ACCUCOM 2 has been confirmed by studies 
showing high correlation between ACCUCOM technol- 
ogy and other techniques— including thermodilution 
and the Fick method. And, unlike thermodilution cathe- 
ters, the ACCUCOM 2 provides continuous monitoring, 
updating readings every 15 seconds. ..without hands-on 
involvement of the clinician. Graphs, displayed on the 
CRT, show trending of cardiac output, SVR, and stroke 
volume over time. And when esophageal monitoring is 
not required, non-invasive measurements can be made 
with the suprasternal sensor at any time. 


The state-of-the-art in cardiac output monitors 


The ACCUCOM 2 is equipped with a wide range of fea- 
tures designed to improve information and ease of use, 
including a high/low cardiac output alarm and a unique 
data retention feature that stores readings for up to one 
full hour after the monitor is switched off. You can even 
track temperature as well as cardiac performance with 
the ACCUCOM 2. 


Best of all, the ACCUCOM 2 is easy to learn and easy to 
use. Probes can be accurately positioned in minutes. 
And you can even pre-program the ACCUCOM 2 for 
quicker set-up. 


For more information on the new Datascope 

ACCUCOM 2, call us at (201) 265-8800 or write 
Datascope Corp., PO Box 5, Paramus, N.J. 07653-0005. 
Sales and service throughout the world. 


Datascope Corp. PO. Box 5, Paramus, N.J. 07653-0005, U.S.A. e Tel. (201) 265-8800 (Corporate Headqué 
Datascope B V Postbox 26,3870 CA Hoevelaken, Holland « Tel. 03495-34514 (European Headquarfers) 
Datascope GmbH + AM Wall 190, 2800 Bremen 1, West Germany ¢ Tel. 421-321818/19 

Datascope Medical Co. Ltd. © Science Park, Milton Rd, Cambridge CB44BH, England Ħ Tel. 0223-860 333 


For outpatient anesthesia 





Rapid 


Well-suited to the rapid turnover of outpatient 
cases, the low solubility of isoflurane in blood 
and tissue (only that of nitrous oxide is lower) 
enables you to quickly adjust the level of anes- 
thesia to patient and surgical requirements 
Following anesthesia, a rapid washout and 
prompt recovery provide for your early patient 
assessment. Patient alertness and cooperation 
can facilitate handling in the outpatient setting. 
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Complete 


Without any other agent or premedicant, 
isoflurane provides every action required for 
a complete anesthetic, on a closely controlled, 
breath-by-breath basis: unconsciousness, 
surgical analgesia, amnesia, and good surgical 
muscle relaxation—a useful advantage for 
laparoscopies and orthopedic work, and one 
that begins when the anesthetic begins and 
ends with elimination of the anesthetic, thereby 
decreasing the risk of residual paralysis in 
the PAR 

Because isoflurane is a complete anesthetic 
when given alone in oxygen or room air, nitrous 
oxide can be eliminated if you choose. Isoflurane 
anesthetics are seldom complicated and pro- 
longed by postoperative nausea and vomiting. 








Stability of heart rhythm and good cardiac 
output are notable features of an isoflurane 
anesthetic. CNS excitation does not occur at 
any concentration or PaCO2 level. Virtually 
100% of isoflurane is exhaled unchanged from 
the patient (only 0.17% of the isoflurane taken 
up is recovered as metabolites). This near 
absence of metabolic by-products all but 
assures an absence of hepatic oF renal toxicity 
from metabolism. 


Anaquest 


For outpatient anesthesia. 


FORANE ‘softurane,usp) 


Rapid...Complete...Excellent Safety Profile 


CAUTION: Federal Lew Prohibits Dispensing without Presoription. 


, Molecular 184 
Boiling point et 760 mm Hg 485 °C (uncon p 
Refractive Index 1.2890-1.3008- 
Speaific gravity er °C 1.496 
Vapor pressure in mm Hg** 20 °C 238 

25 °C 295 
wee 367 
BC 450 
Equation for vapor pressure caloulaton: 
Pap A+ where: Ae n06a i a 
T © °C + 27316 (Kahin) 
Partiticn coefficients at 37 °C 
‘Wateriges asi 
Eloodigas 1.43 
Ciliges 908 
Partition coefficients at 25 °C - rubber and plesto 
Conductive rubbedgas 620 
Butyl nibbedges 750 
Petyviny] chicrideiges 1100 
~20 
Po NLA 
Po:yotsfinigas ~i. 
Bazyl acotataigas ~25 
Purty by gas ohromatograptry >9909% 
Lower lct of flammahbikty in orpgen or 
eh a tami nonce ee None 
Lower imit of Greater than useful 


flammabiity in 
nitrous oida at 900 jouleasec, and 21 *C 


Age 100% Oxygen 70% MzO 

244 1.29 Q658 

44347 1.16 060 

4+ 5 108 Q37 
Induction of and recovery from isoflurane anesthesia are rapid. isoflurane hes a mid 
pungency which Hmits the mte of induction, saliveton or 
tracheobronchial secretions do not appear to be Pharyngeal and laryngeal 
Teflexes are readily obtunded. The level of ansethesia may be with 

Jeottunine je a profound respiratory depressant. ON BE 


NONDEPOLARIZING TYPE. reverses the effect of nondepolarizing 
relaxants in the peesence of Al commonly muscle relaxants are 
compatible with sciamano. 

Pharmacokinetics: minimal biowansiormation in man. In the 
postanssthesla pectod, only 0.17% of the modhirane taken up can be recovered as urmery 


INDICATIONS AND USAGE 

FORANE (eofhmane, USP) may be used for induction and maintenance of general 
anesthesia. Adequate data heve not been developed to establish its appboahon in 
obstetrical anesthesia. 


CONTRAINDICATIONS 


Known sensitivity to FORANX (wofturane, USP) or to other halogenated agenta. 
Known of suspected genetic musceptibikty to makgnant hyperthermia. 
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Anaquest Forane® (isoflurane, USP) 


Ree blood loss comparable, to thet seen with hslotharis has been observed an 
Patients undergomg abortions 

Sere ee ee ee reer incToages arabca] bigad Now at deeper levels of 
anesthesia. These mey be a transient rise in corebral spinal fiuid pressure which is fully 
reversible with hyperventilation. 


PRECAUTIONS 
General As with any potent genera! anesthebo, FORANE (iofhurane, should only 
be administered in an adequately pea maianen 


Information to Patiemtm leoflurano, as well as otber anesthebcs, mey 

alight decrease in intellectual function for 2 or 3 days anesthesia. As with other 
anesthetics, small changes in moods and symptoms may persist for up to 6 days after 
administration. 


Laboratory Tests: Transient increases in BSP retention, blood glucose end serum 
omannme with decrease in BUN, serum cholesterol and alitačne phosphatase have been 
Drug Interactions: lsolurane potentiates the muscis mlaxant effect of all muscle 
relaxants, most notably nondepolarizing muscis relaxants, and MAC (minimum alveolar 
concentration) is reduced by concomitant administration of N,O. 

See CLINICAL PHARMACOLOGY. 

Carcinogeneals: Syries ICR mice were given isoflurane to determine whether mach 
exposures might induce leofhinene wes given et 1/2, 1⁄8 and 102 MAC for four 
frrutero exposures and for 24 to the pups during the first nine weeks of Hie. 
The mice ware kiled at 15 of age. The incidence of tumors in these mice vras 
the samo as in untreated contro] mice which were given the same background gases, 
but not the anssthetin. 

Pregnancy C: Isoffurane has been shown to have a possible anesthotic-related 
fetotoxic effect in mice when given In doses 6 tumes the human dose. There are no 
adequate end well-controlled studies in pregnant women. Isoflurane should be used 
during pregnancy only if the potential benefit justifies the potential rsk to the fetus 


Jote: It ts not known whether this is excreted in human milk. Because 
many are excreted in humen milk, caution be exermsed whon feciiurane 
us administered to a nursing woman. 

Hyperthermia: In susceptible may trigger 


sodium intravenous for additional information on petient manegement ) Rens! failure 
may appear jeter, and urme flow should be sustained if possible. 
ADVERSE REACTIONS 
Adverse reections encountered in the administration of FORANE feoflurana, USP) are 
ın general dose dependem extensions of pharmacophysiologne offects and inctuds 
Tespustory depression, ay igi 

Shivering, nausea, vomiting Deus heve observed in the postoperative period 
‘As with ell other general anesthetics, transient elevebone in white blood count have 
been observed even in the absence of mucal stress. 
See PRECAUTIONS for information regarding malignent hyperthermia. 
OVERDOSAGE 
In the event of overdosage, or what may appear to be overdosage, the following action 
sbould be taken: 
Stop drug administration, establish a clear airway and imbete assisted or coctrolled 
ventilation with pure agen. 
DOSAGE AND ADMINISTRATION 


Premediceticn: Prmedkcation should be selected to the need of the individual 


pebent, mto account that secretions are stimulated by FORANE 
fteofhirane, and the beart rate tends to be incressed. The use of anticholinergic 
drugs is a matter of choice. 

Inspired Concentration: The concentmtion of isofiuxane delvered from a vaporizer 
dunng anesthesia should be known. This may be by using: 


a) vaporzem cahbrated specifically for mofhurane; 

b) from which dettvered flows can be calculated, such as vaporisens 
delving a sarining vapor hich thon dated The delirare conosnuanon 
from a vaporizer may be calculated using the formula: 


100 Py Fy 


‘% wofurane = 
Fr Pa - Py 
where: P, = Pressure of 
Py = Vapor pressure of isofturane 
Fy ~ Flow of gas through vaportrer (mL/min) 
Fy = Total ges flow (ml/min) 


Ispfturane contains no stabelizer. Nothing in the agent alters calibration or operation of 

hess vaporize 

actien Tooction with wonurak In oxygen or TA con mown Wan oxygen ees 
, breeth or 


An eddiponal Q6 to 1.0% 
is 


problems. 
be cue to depth of anesthesia and in such instances may be corrected by hgbtening 
erpechosa 


HOW SUPPLIED 

FCR.ANE (cfhurans, USP), NDC 10019-360-40, is packaged in 100 mL amber-colored 
bozia 

Btcuge: Store at room temperatura. Leofhimmne contains no additives and has been 
demonsteted to be stable at room temperature for periods in exceas of five yearn 
AO-H Revised 10-85 








Anaquest 

2005 West Beltline Highway 
Madison WI 53713 2318 

608 273 0019 800 ANA DRUG 
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TRACRIUM® (atracurium besylate) 
Injection is meaningfully different from all 
other neuromuscular blockers. TRACRIUM 
is inactivated in plasma by two pathways, 
Hofmann elimination and ester hydrolysis, 
that act independently of liver or kidney 
function. This unique metabolism can 
result in superior control and makes possible: 


E More Predictable Dosing 

The unique metabolism of TRACRIUM 
eliminates the need for age-related dosage 
adjustments.' Valuable time is not lost 
making dosage calculations. 


E More Predictable Response 
Repeated equipotent doses of 

TRACRIUM, administered at equal 

intervals, have no cumulative effect.’ 





Response is predictable, even with multiple 
injections or long periods of continuous 
infusion,’ allowing you additional time for 
patient monitoring. 


E More Predictable Recovery 

With TRACRIUM, you can feel 
confident of a predictable conclusion to 
neuromuscular blockade. And your 
patients can be in the recovery room faster. 


E More Predictable, Superior Control 
TRACRIUM is an excellent agent for 
administration by repeated bolus injection 

or continuous infusion. The lack of 
cumulative effects of TRACRIUM by 
infusion makes possible a smooth, steady- 
level relaxation without the need for 
multiple maintenance bolus doses 
throughout a long procedure. 


TRAGRIUM necnon 





rai Copr. © 1987 Burroughs Wellcome Co 


TRACRIUM® INJECTION 


ee (atracurium besylate) 


mary 
This drug should be used only by adequately trained individuals familiar with its actions, character- 
istics, and hazards 


CONTRAINDICATIONS: Tracrium is contraindicated in patents known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION 


Tracrium has no known effect on consciousness. pain threshold, or cerebration. It should be used 
only with adequate anesthesia 


Tracrium Injection, which has an acid pH, should not be mixed with alkaline solutions (e.g.. 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous intu- 
sion through the same needle. Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may be precipitated 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine, 
the possibility of substantial histamine release in sensitive individuals must be considered. Special 
caution should be exercised in administering Tracrium to patients in whom substantial histamine 
release would be especially hazardous (e.g. patients with clinically significant cardiovascular dis- 
ease) and in patients with any history (e.g, severe anaphylactoid reactions or asthma) suggesting a 
greater risk of histamine release. In these patients. the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided doses 
over one minute 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range, 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation. As a 
result, bradycardia during anesthesia may be more common with Tracrium than with other muscle 
relaxants 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert syndrome. 
or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted 
The use of 2 peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis 


The safety of Tracrium has not been established in patients with bronchial asthma 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include 
entlurane; isoflurane; halothane: certain antibiotics, especially the aminoglycosides and polymyxins. 
lithium: magnesium salts; procainamide, and quinidine 


if other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered 


The prior administration of succinyicholine does not enhance the duration, but quickens the onset 
and may increase the depth of neuromuscular blockade induced by Tracrium. Tracrium should not be 
administered until a patient has recovered from succinyicholine-induced neuromuscular blockade 


sis, Mutagenesis, Impairment of Fertility A positive response was observed in the 
mouse lymphoma assay under conditions which killed over 80% of the treated cells. A far weaker 
response was observed in the presence of metabolic activation at concentrations which also killed 
over 80% of the treated cells 


Pregnancy: Teratogenic Effects: Pregnancy Category C. Tracrium has been shown to be potentially 
teratogenic in rabbits. when given in doses up to approximately one-half the human dose, There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery; |t is not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation of 
the newborn will be necessary. The possibility that forceps delivery will be necessary may increase 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, although 
small amounts of Tracrium were shown to cross the placental barrier The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during 
which a neuromuscular blocking agent has been administered. In patients receiving magnesium 
sulfate, the reversal of neuromuscular blockade may be unsatisfactory and Tracrium dose should be 
lowered as indicated 


Nursing Mothers: |t is not known whether the drug is excreted in human milk, Caution should be 
exercised when Tracrium is administered to a nursing woman 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during extensive 
clinical trials. Most were suggestive of histamine release (See Precautions Section). The overall 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% 


Most adverse reactions were of little clinical significance unless they were associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed in 530 
patients, without cardiovascular disease, were as follows: in those patients given the recommended 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2.8% and 
decreased in 2.1% af patients while the heart rate increased in 2.8% of these patients. At doses of 
= 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial pressure while 4.8% 
had an increase in heart rate. At doses = 0.30 mg/kg, mean arterial pressure increased in 1.9% and 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients 

Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom of 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances. 
were severe (e.g., cardiac arrest); Musculoskeletal: inadequate, prolonged block; Cardiovascular 
hypotension, vasodilatation (flushing), tachycardia, bradycardia; Respiratory: dyspnea, broncho- 
spasm, laryngospasm: /ntegumentary: rash, urticaria, injection site reaction 


‘Miller RA, Rupp S. Fisher D, et al: Clinical pharmacology of vecuronium and atracurium. Anesth 
984:61:444-453 
dayne 3: Atracurium. in Katz R (ed): Muscle Relaxants: Basic and Clinical Aspects. Orlando, Grune 
Stratton, 1984, p 98 
ee B., Flynn P Hughes R: Intusion of atracurium for long surgical procedures. Br J Anaesth 
1984:56:447-452 
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IARS REVIEW COURSE 
LECTURES AVAILABLE 





—— 1987, 61st Congress—25 Re iew 
Course Lectures—$6.00 


— 1986, 60th Congress—26 Review 
Course Lectures—$6.00 


— 1985, 59th Congress—26 Review 
Course Lectures—$6.00 


— 1984, 58th Congress—24 Review 
Course Lectures—$6.00 


—— 1983, 57th Congress—16 Review 
Course Lectures—$5.00 


— 1982, 56th Congress—14 Review 
Course Lectures—$5.00 


To: 

International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked above. 


My check, payable to IARS in the amount of 
$ is enclosed. 





(Name) 





(Mail Address) 


(City, State, Zip) 
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ANESTHESIOLOGY: 


A CONCISE TEXTBOOK 


Edited by Thomas J. DeKornfeld, M.D. 
Professor of Anesthesiology 
Professor of Postgraduate Medicine 
and Health Professions Education 
Department of Anesthesiology 
University of Michigan, Ann Arbor 








Here in one volume, twenty-five experts in anesthesiology combine their knowledge in one 
readable authoritative source. Clinicians will find, in an easily accessible format, a complete and 
current overview of the clinical applications of anesthesiology as well as the underlying theory. 
Five major sections detail the practice of anesthesiology; anesthesia and the surgical specialties; 
anesthesia and systemic problems; anesthesiology as a specialty; and tables and formulas. 
Discussing areas not usually covered in standard texts, such as legal considerations, ethical 
questions, and economic aspects of anesthesiology, this book makes an excellent quick reference 
for the practicing anesthesiologist. 


1986 570 pages 0-444-01010-6 paper $46.00 
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CONTENTS Monitoring Under Anesthesia PART IV ANESTHESIA ON THE 
Computers and Anesthesia BASIS OF PATIENT PROBLEMS 
PARTI THE SPECIALTY OF Respiratory Care Phe Patient with a Difficult Airway 
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Liver Disease 
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‘ Anesthesia for Cardiac Surgery The Patient with Trauma 
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Phe Patient with Fluid Imbalance 
Anesthesia tor Orthopedic Surgery 


PARTIL THE PRACTICE OF Anesthesia for Urologic Surgery 


ANESTHESIOLOGY Anesthesia for Head and Neck PART V MISCELLANEOUS 
Surgery 


The Patient with Chronic Pain 


Theories of Narcosis Reading the Scientific Literature 
Anesthesia for Ophthalmic Surgery 


Patient Assessment — Preoperative Equations, Formulas. and Physical 
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The Pharmacology of Drugs Used in Anesthesia for Obstetrics 

Anesthesiology Anesthesia for Pediatric Surgery INDEX 


EEE 


Order from your usual supplier or: 


MEPC. A division of Elsevier @ PO. Box 16634. Grand Central Station @ New York. New York 10163-1064 
Note: Price subject to change without notice. 
Medical Examination Publishing Company is a division of Elsevier Science Publishing Company. Inc.. New York. NY 
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TECHNITRON 


Computer Systems 
PO. Box 120279 


Introducing the CVP 1270 - 123: 


User friendly (no computer experience necessary) 
* Menu driven (easier to use than a calculator) 


+ Auto power off 

+ Eprom Cartridge; program stays in memory 
even when computer is off 

e Computer disengages from the 
printer to fit in your pocket 

¢ Battery operated or use AC adapter 

e May be used as a calculator 

Computer Dimensions: 5 1/2" x 2 3/4" x Wa’ 

System Dimensions: 8" x 5 3/4” x 1” 


Nashville. TN 37212 
(615) 320-8563 
Please allow 2-4 weeks delivery 






Pre-Programmed for Critical Care Personnel 
CVP Program designed for infants, pediatrics and adult patients 


PT. DATA Computes height and weight conversion as well as Body Surface Area 
Perfusion Flowrates: 18, 2.0, 2.2, 2.4, and 2.6 and 28 Limin./M? 
CARDIAC Calculates Cardiac Index, Stroke Volume Index, Left Ventricular Stroke Work and Systemic Vascular Resistance as well as Right Ventricular 


Stroke Work and Pulmonary Vascular Resistance 





HEMODILUTION Figures Hematocrit adjusted for hemodilution, Patient Blood Volume, Cell Volume, Total System Volume. packed cells or whole blood to in- 
clude or additional prime to add as calculated 
02 UPTAKE Computes Oxygen Consumption in ml/min., mi/M*, Oz Delivery as well as O, Extraction Ratio 
ELECTROLYTES Calculates Ca++, K+t and HCO? deficit and dose administration 
PULMO(NARY) Figures A-a DOs, a/A Index, Vd/Vt, Qs/Qt 
Send me CVP 1270-123 Computer/Printer System(s) with CVP ..@ $299.95 each 
Send me _ CVP 1270 Pocket Computer(s) with CVP @ $159.95 each 














Please check method of payment 
CASHIERS CHECK MONEY ORDER (wona PERSONAL CHECK e] — 
DISCOVER -l 


AMERICAN EXPRESS MASTERCARD à 
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Sevond International 


LASER SURGERY CONGRESS 


June 22-26, 1988 
Opryland Hotel, Nashville. Tennessee 


SPECIAL REDUCED TUITION FOR ANESTHESIOLOGISTS 
$190 SATURDAY ONLY 





Topics and Steering Committee 
Anesthetic Techniques and Precautions 
Theodore Eisenman, M.D 
Bronchoesophagology 
Sianley Shapshay 
Facial Plastic and Reconstructive Surgery 
Head and Neck 
Gregory Keller, M.D 
Fred J. Stucker, M.D 
W. Russell Ries, M.D 
General Otology 
Edward Emerson. M.D 
Instrumentation and Research 
Terry Fuller, Ph.D 
Laryngology 
Robert Ossoff, D.M. D.. M.D 
Herbert Dedo. M.D. 
Tetsuzo Inouye, M.D 
Robert Feder, M.D 
James Duncavage, M.D 
Neurotology Otology 
Stanley G. Lesinski, M.D 
Mitchel Schwaber, M.D 
Pediatric Otolaryngology 
James Stankiewicz. M.D 
Kenneth Grundfast, M.D 
Photodynamic Therapy 
Jack Gluckman, M.D 


Rhinology 
Cossvcewe Colhcee M N 


Meeting Location: The Congress will be held at the beautiful Opryland Hotel 
in Nashville. Tennessee. Right next door is Opryland, U.S.A, with live music 
numerous rides. restaurants, games, shops and craftsmen. There is also the 
Grand Ole Opry, where top stars perform country music 


Social Activities: A cocktail hour has been planned the first night highlighting 
the exhibits. Also. participants of the Congress will float down the Cumber- 
land for a dinner cruise on the General Jackson Show Boat 
Sponsored by: Department of Otolaryngology—Head and Neck Surgery and 
the Division of Continuing Medical Education. Congress Directors: Robert 
H. Ossoff. D-M.D., M.D., James A. Duncavage. M.D 
Tuition: $425 after March |. 1988 

$375 before March 1. 1988 

$200 residents 

$100 Anesthesiologists Saturday only 
Additional Information; Vanderbilt Division of CME, Laser Congress 
Coordinator. CCC-5326 MCN, Nashville. TN 37232. (615)-322-4030 


© Vanderbilt 


University 
Medical Center 





See brief summary of prescribing information on next page. 


TRACRIUM® Injection is 
uniquely designed to eliminate 
the possibility of drug accumula- 
tion.! TRACRIUM permits a 
more predictable neuromuscular 
blockade, regardless of patient 
age, organ function, or duration 
of surgery. This predictability 
affords greater control, and thus, 
improved patient care. 
TRACRIUM is not dependent on 
liver or renal function for 
termination of action. This 
unique metabolism ensures the 
absence of cumulative effects, 
even in those with compromised 
kidney or liver function. 


Predictable Control 
Every Step of the Way 

Unlike other neuromuscular 
blockers, TRACRIUM requires 
no dose adjustments to compen- 
sate for drug accumulation. 


TRAGRIUM weectiow 


(atracurium besylate) 








Issues in 
surgical muscular 
relaxation 


The Added Value of 
Non-Accumulation 


Equipotent doses administered at 
equal intervals provide a 
consistently predictable dose 
response within a given patient. 
Rapid and spontaneous recovery 
occurs even after multiple re- 
injection or long periods of 
continuous infusion.? Recovery 
from muscle paralysis is 
predictable and respiratory 
inadequacy from residual 
blockade is minimized, allowing 
a smooth, predictable transition 
to recovery. 


TRACRIUM by infusion may 
translate into more time you can 
devote to specialized and 
extensive monitoring of your 
patients. This is the key to greater 
control of muscular blockade and 
greater predictability throughout 
the entire procedure. 


YOU'RE IN CONTROL 





PR Copr. © 1987 Burroughs Wellcome Co. 
Wellcome All rights reserved. TR-344 


TRACRIUM® INJECTION 
Briet Summary (atracurium b esy! la te) 


This drug should be used only by adequately trained individuals familiar with its actions, character 
istics, and hazards 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity 10 it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION 


Tracrium has no known effect on consciousness. pain threshold, or cerebration It should be used 
only with adequate anesthesia 


Tracrium Injection. which has an acid pH. should not be mixed with alkaline solutions iê g 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous intu 
sion through the same needle Depending on the resultant pH of such mixtures Tracrium may de 
inactivated and a tree acid may be precipitated 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine 
the possibility of substantial histamine release in sensitive individuals must be considered Special 
caution should be exercised in administering Tracrium to patients in whom substantial histamine 
release would be especially hazardous (e.g . patients with clinically significant cardiovascular dis 
ease) and in patients with any %istory (e.g. severe anaphylactoid reactions or asthma) suggesting a 
greater risk of histamine release In these patients, the recommended initial Tracrium dose ts lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided doses 
over one minute 





Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation As a 
result, bradycardia during anesthesia may be more common with Tracrium than with other muscle 
relaxants 


Tracrium may have profound effects in patients with myasthenia gravis Eaton-Lambert syndrome 
or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis 


The safety of Tracrium has not been established in patients with bronchial asthma 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include 
entiurane; isoflurane: halothane: certain antibiotics. especially the aminoglycosides and polymyxins 
lithium; magnesium salts: procainamide, and quinidine 


if other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered 


The prior administration of succinyicholine does not enhance the duration, but quickens the onse’ 
and may increase the depth of neuromuscular blockade induced by Tracrium. Tracrium should not be 
administered until a patient has recovered from succinyicholine-induced neuromuscular blockade 


Carcinogenesis, Mutagenesis. Impairment of Fertility: A positive response was observed in the 
mouse lymphoma assay under conditions which killed over 80% of the treated cells A far weake 
response was observed in the presence of metabolic activation at concentrations which also killec 
over 80% of the treated cells 


Pregnancy: Teratogenic Effects: Pregnancy Category C Tracrium has been shown to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-half the human dose. There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: |t is not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation o 
the newborn will be necessary The possibility that forceps delivery will be necessary may increase 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarear 
section. No harmtul effects were attributable to Tracrium in any of the newborn infants, althoug! 
smal! amounts of Tracrium were shown to cross the placental barrier The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section duriny 
which a neuromuscular blocking agent has been administered. In patients receiving magnesiur 
sulfate. the reversal of neuromuscular biockade may be unsatisfactory and Tracrium dose should be 
lowered as indicated 


Nursing Mothers: It is not known whether the drug is excreted in human milk Caution should be 
exercised when Tracrium is administered to a nursing woman 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not dees 
established 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced lew adverse reactions during extensive 
clinical trials. Most were suggestive of histamine release (see Precautions Section). The overall 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% 


Most adverse reactions were of little clinical significance unless they were associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed in 5 
patients, without cardiovascular disease, were as follows: in those patients given the recommended 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2 8% ard 
decreased in 2 1% of patients while the heart rate increased in 2 8% of these patients. At doses of 

> 0.60 mg/kg. 14.3% of the studied patients had a decrease in mean arterial pressure while 4 B'o 
had an increase in heart rate At doses = 0.30 mg/kg. mean arterial pressure increased in 1 9% ard 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients 


Observed in Clinical Practice: Based on clinical experience in the U.S and the United Kingdom =t 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instance: 

were severe (@.g., cardiac arrest). Musculoskeletal’ inadequate prolonged block: Cardiovascular 
hypotension, vasodilatation (flushing), tachycardia, bradycardia Respiratory’ dyspnea. broncho- 
spasm, laryngospasm: /ntegumentary: rash, urticaria. injection site reaction 





‘Hughes R: Atracurium: An Overview. Br J Anaesth 1986;58:2s—4s 
2Payne J: Atracurium, in Katz R (ed): Muscle Relaxants: Basic and Clinical Aspects. Orlando. Grune 
& Stratton, 1984, p 98 
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An exceptional tool for the 
laboratory. MAPS AND 
GUIDE TO MICRO- 
DISSECTION OF THE RAT 
BRAIN describes techniques for the dissec- 
tion, identification, and removal of brain nuclei. 


This atlas provides step-by-step instructions for each dissection pr cedure 

along with information on the most appropriate tools. Unlike other atlases, 
MAPS AND GUIDE TO MICRODISSECTION OF THE RAT BRAIN 
desenbes the size and shape of the brain nuclei, and when appropriate, $ 
their subdivisions. The text presents material directly applicable to laboratory 
practice and research, all supplemented by more than 200 halftones and line 
drawings. Neuroscientists, neuroanatomists, and physiologists will find MAPS 
AND GUIDE TO MICRODISSECTION OF THE RAT BRAIN a pertect 
laboratory manual for microdissection of the brain. 


TABLE OF CONTENTS 


l. Introduction 2. Microdissection of Brain Nuclei: 

Removal of the Brain for Microdissection / Sectioning of the Brain Fresh Brain 

Slices / Sectioning Frozen Brains / Tools for Punching | Microdissection Needles 
Punch Technique / Determination of the Sample Size After Microdissection 

Homogenization of Microdissected Brain Tissue / Validating the Microdissection 

Method 3. Removal of Discrete Rat Brain Nuclei: 

Telencephalon / Rhinencephalon / Cerebral Cortex / Basal Ganglia / Septum 
Amygdala / Diencephalon / Thalamus / Epithalamus Metathalamus / 

Subthalamus / Preoptic Region | Hypothalamus / Mamillary Bi kdy / Mesen- 

cephalon | Pons / Cerebellum / Medulla Oblongata / Spinal Cord 

4. Maps and Indexes: 

Coronal Sections of the Rat Brain / Atlases That May Aid in the Micr dissection 

of Brain Nuclei of Other Species / List of Abbreviations with English and Latin 
Nomenclature / Index of Structures with Punch Numbers / List ofthe Punch oe 
Numbers with English Names 

5. References 6. Maps 
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IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.’ To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the [ARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the IARS annual meeting; Educational 
Members pay no registration fee. 


. . . . MEMBERSHIP CATEGORIES .... 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $60.00 U.S.; $77.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 


International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 





Please send me _______ application(s) for: Membership ( ) 
Associate Membership (____) 
Educational Membership (____) 


Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 





IN SHORT SURGICAL 
PROCEDURES, 

AN OPTIMAL OPIOID 
ANESTHETIC FOR 


MOMENT-TO- 


MOMENT CONTROL 





RAPID ONSET 
OF ACTION 


for prompt control of hemodynamic response 
to surgical stimulation* 


SHORT DURATION OF 
ANALGESIC ACTION 


permits titrating to patient response 


PROMPT RECOVERY 


in short-stay procecurest 


world leader in anesthesia research 
ia JANSSEN 
Rey} PHARMACEUTICA 
© Janssen P! ticaine 1987 JP-AL-OI4 
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A PHARMACOKINETIC PROFILE 
THAT PERMITS FLEXIBILITY OF 
DOSING TECHNIQUE 


BOLUS/INCREMENTAL 
ADMINISTRATION 


for short procedures lasting up to 30 minutes 
iN spontaneously breathing patients, or for procedures 
lasting 30 to 60 minutes in intubated patients 


CONTINUOUS 
INFUSION 


for procedures lasting more than 45 minutes 
in intubated patients 





*As with other opioids, hypotension and bradycardia have been reported. 


‘As with all potent opioids, appropriate postoperative monitoring should be employed to ensure that adequate 
spontaneous breathing is established and maintained 

The duration and degree of respiratory depression and increased airway resistance usually increase with dose, but have 
also been observed at lower doses. Because of the possibility of delayed respiratory depression, monitoring of the patient 
must continue well after surgery. Skeletal muscle rigidity is related to the dose and speed of administration of ALFENTA. 
Dosage should be individualized in each case 
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RAPID-ACTING 


Alfenta 


(alfentanil HCI) Injection A 
AN OPTIMAL OPIOID ANESTHETIC FOR MOMENT-TO-MOMENT CONTROL 


BEFORE PRESCRIBING, PLEASE CONSULT COMPLETE PRESCRIBING INFORMATION, OF WHICH 
THE FOLLOWING IS A BRIEF SUMMARY. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 


DESCRIPTION: ALFENTA is a sterile, non-pyrogentc, preservative free aqueous solution contarrang alfentanil 
hydrochloride equivalent to 500 pg per mi of alfentanil base for intravenous injection The solution, which 
contains sodium chloride for ssotonicity, has a pH range of 4.0-6.0 


CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) ts contraindicaced in patients wah known 
hypersensitivity to the drug 


WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE 
USE OF INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF FESPIRATORY 
EFFECTS OF POTENT OPIOIDS 

AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOWLD BE 
READILY AVAILABLE 

BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING OF THE PATIENT 
MUST CONTINUE WELL AFTER SURGERY 

ALFENTA (alfentanil hydrochioride) administered in initial dosages up to 20 pg/kg may cause skeletal 
muscle rigidity, particularly of the truncal muscles. The incidence and severity of muscle rigidity 35 usually dose- 
related, Administration of ALFENTA at anesthetic induction dosages (above 130 pg/kg) will consistently produce 
muscular rigidity with an immediate onset. The onset of muscular rigidity occurs earlier than with oiher opioids. 
ALFENTA may produce muscular rigidity that involves all skeletal muscles, including those of theneck and 
extremities, The mcidence may be reduced by: 1) routine methods of administration of neuromuscular blocking 
agents tor balanced opioid anesthesia; 2) administration of up to '/« of the full paralyzing dose ota neuro 
muscular blocking agent just prior to administration af ALFENTA at dosages up to 130 pg/kg, follmveng loss of 
Consciousness, a full paralyzing dose of a neuromuscular blocking agent should be administered. or 3) simulta 
necus administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking agent when ALFENTA 
is used in rapidly administered anesthetic dosages (above 130 pg/kg) 

The neuromuscular blocking agent used should be appropriate for the patient's cardiovascular status 
Adequate facilities should be available for postoperative monitoring and ventilation of patients ad-wstered 
ALFENTA. It is essential that these facilities be fully equipped to handle all degrees of respiratory depression 


PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
ARRHYTHMIAS AND HYPOTENSION HAVE ALSO BEEN REPORTED, THEREFORE, VITAL SIGNS MUST BE 
MONITORED CONTINUOUSLY 

General: “he initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly 
and debilitated petients, The effect of the initial dose should be considered in determining supplemental doses 
In obese patients (more than 20% above ideal total body weight), the dosage of ALFENTA should 3€ determined 
on the basis of lean body weight 

In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by acpearance at 
delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients 

In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA 
may be reduced end postoperative recovery may be prolonged 

Induction doses of ALFENTA should be administered slowly (aver three minutes). Administration may pro 
duce loss of vascular tone and hypotension. Consideration should be given to fluid replacement preor to induction 

Diazepam administered immediately prior to or in conjunction with high doses of ALFENTAwnay produce 
vasodilation, hypotension and result in delayed recovery 

Bradycardia produced by ALFENTA may be treated with atropine. Severe bradycardia and asyctole have 
been successfully treated with atropine and conventional resuscitative methods 

The hemodynamic effects of a particular muscle relaxant and the degree of skeletal muscle relaxation 
required should be considered in the selection of a neuromuscular blocking agent 

Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anes™etics or 
ALFENTA infusion are reduced by 30 to 50% tor the first hour of maintenance 

Administration of ALFENTA infusion should be discontinued at leas 10-15 minutes prior tothe end 
of surgery 

Respiratory deprassion caused by opioid analgesics can be reversed by opioid antagonists such as 
naloxone Because the duration of respiratory depression produced by ALFENTA may last longer "za the dura- 
tion of the opioid antagonist action, appropriate surveillance should be maintained. As with all poten’ opioids, 
profound analgesia is accompanied by respiratory depression and diminished sensitivity to CO. s* mulation 
which may persist into or recur in the postoperative period. Intraoperative hyperventilation may teter alter 
postoperative response to CO. Appropriate postoperative monitoring should be employed, particularly atter 
infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing is establisaed and 
maintained in the absence of stimulation prior to discharging the patient from the recovery area 

Head Injuries: ALFENTA may obscure the clinical course of patients with head injuries 

Impaired Respiration: AL FENTA should be used with caution in patents with pulmonary teease, 
decreased respiratory reserve or potentially compromised respiration In such patients, opioids mayadditionally 
decrease respiratory drive and increase airway resistance During anesthesia, this can be managed'ày assisted 
or controlied respiration 

Impaired Hepatic or Renal Function: |In patients with liver or kidney dystunchon, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretonmotALFENTA 

Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular 
effects may be enhanced when ALFENTA is administered in combination with other CNS depressants such as 
barbiturates, tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory depression may 
be enhanced or prolonged by these agents. In such cases of combined treatment, the dose of onesnr both agents 
Should be reduced. Limited clinical experience indicates that requirements for volatile inhalation anesthetics are 
reduced by 30 to 50% for the first sixty (60) minutes following ALFENTA induction 

Perioperative admimstration of drugs affecting hepatic blood tow or enzyme function may 'agucè plasma 


clearance and proteng recovery 

and Impairment of Fertility: No long-term animal studies of ALFENTA 
have been pertormed to evaluate carcinogenic potential The micronucleus test in female rats anc tee dominant 
lethal test in femele and male mice revealed that single intravenous doses of ALFENTA as high as 29 mg/kg 
(approximately 40 times the upper human dose) produced no structural chromosome mutations cr induction ot 
dominant lethal mutations. The Ames Salmonella typhimurium metabolic activating test also revealed no 
mutagenic activity. 

Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats ard rabbits 
when given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days These effects 
could have been due to maternal toxicity (decreased food consumption with increased mortality) ‘oltowing 
prolonged administration of the drug 

No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits 

There are no adequate and well-controlled studies in pregnant women, ALFENTA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: There are insufficient data to support the use ot ALFENTA in labor and delivery 
Placental transfer of the drug has been reported: therefore, use in labor and delivery is nat recommended 

Nursing Mothers: in one study of nine women undergoing post-partum tubal ligation, significant levels 
of ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no 
detectable levels present after 28 hours Caution should be exercised when ALFENTA is administered to a 
nursing woman 

Pediatric Use: Adequate data to support the usa of ALFENTA in children under 12 years of age are not 
presently available 


ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscle 
rigidity, are extensions of known pharmacological effects of opioids See CLINICAL PHARMACOLOGY. WARNINGS 
and PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity 

Delayed respiratory depression, respiratory arrest, bradycardia, asystole, arrhythm:as and hypotension 
have also been reported 

The reported incidences of adverse reactions listed in the following table are derived trom controlled and 
open clinical trials snvolving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved 
treatment comparisons with fentanyl, thiopental sodium, enflurane, saline placebo and helothane. incidences are 
based on disturbing and nondisturbing adverse reactions reported. The comparative incidence of certain side 
effects is influenced by the type of use, e.g., chest wall rigidity has a higher reported incidence in clinical trials 
of alfentanil induction, and by the type of surgery, e.g., nausea and vomiting have a higher incidence in patients 
undergoing gynecologic surgery 


Thiopental 
Sodium 
(N= 66) 
y 


Saline 
Halothane Placebo” 
(N= 18) (N—18) 
% % 


ALFENTA 
(N= 785) 


Enflurane 
(N—55) 
oy, 


Fentanyl 
(N= 243) 
% 


Gastrointestinal 
Nausea 
Vomiting 


Cardiovascular 
Bradycardia 
Tachycardia 
Hypotension 
Hypertension 
Arrhythmia 

Musculoskeletal 
Chest Wall 

Rigidity 
Skeletal Muscle 


28 
18 


44 14 


Postoperative 
Respiratory 
Depression 
CNS 
Dizziness 
Sleepiness/ 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


“From two clinical trials, one involving supplemented balanced barbiturate / nitrous ade anesthesia and one in 
healthy volunteers who did not undergo surgery. 


in addition, other adverse reactions less frequently reported (1% or less) were 

Laryngospasm, bronchospasm, postoperative contusion, headache, shivering. postoperative euphoria, 
hypercarbia, pain on injection, urticaria, and itching 

Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA 


DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule || controlled drug sub 
stance that can produce drug dependence ot the morphine type and therefore has the potential for being abused 
OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent apioid analgesics. No 
experience of overdosage with ALFENTA was reported during clinical trials. The intravenous LOs, of ALFENTA 
i$ 43.0-50 9 mg/kg in rats, 72 2:73.6 mg/kg in mice, 718-819 mg/kg in guinea pigs anc 59 5-875 mg/kg in 
dogs. Intravenous administration af an opioid antagonist such as naloxone should be employed as a specific 
antidote to manage respiratory depression 

The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should 30t preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated tor 
hypoventilation or apnea I respiratory depression is associated with muscular rigidity, a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents 
may be required to manage hemodynamuc instability 
DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (alfentanil hydrochloride) should be indwidualized 
in each patient according to body weight, physical status, underlying pathological conditian, use of other drugs, 
and type and duration of surgical procedure and anesthesia. In obese patients (more than 20% above ideal total 
body weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of 
ALFENTA should be reduced in elderly or debilitated patients (see PRECAUTIONS) 

Vital signs should be monitored routinely 


Manutactured by Taylor Pharmacal Co. for 


= JANSSEN Janssen Pharmaceutica inc US. Patent No, 4.167.574 


PHARMACEUTICA Piscataway. NJ 08854 March 1987 49-7619901-M 
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DEDICATED PUMP 
FOR ALFENTANIL DELIVERY 


Designed specifically for accurate 
administration of alfentanil 


ELIMINATES TIME-CONSUMING 
CALCULATIONS 


Calculates flow rate based on infusion rate, 
patient's body weight and drug concentration 


ALLOWS INTRAOPERATIVE 
FLEXIBILITY 


Convenient rotary switches provide optimal 
flexibility for bolus or infusion doses 


SMALL, PORTABLE, 
BATTERY- OPERATED 


Incorporates audio and visual 
safety features 























BARD is a registered 
trademark of C.R. Bard, Inc 


> F Call 1 (800) 343-0366 or your Bard MedSystems’ 
d Representative for more information. 


k See preceding page for brief summary of Prescritjir 
Ii} Information for ALFENTA® (alfentanil HCl) Injecti ne, 





INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


62nd CONGRESS - March 5-9, 1988 


Marriott-San Diego 


(formerly Hotel Inter-Continental, San Diego, California) 





PRELIMINARY MEETING INFORMATION 


PROGRAM / REGISTRATION / HOTEL INFORMATION: Will be mailed mid-December to all [ARS members. (IARS members 
outside of North America who plan to attend the meeting can receive this material by airmail upon request.) Non-[ARS 
members should request information from the Cleveland Office: 3645 Warrensville Center Road. Cleveland. Ohio 44122. 
Telephone: (216) 295-1124. 


MEETING SCHEDULE: Registration: Saturday, March 5, 1-6 pm 
Scientific Program: Sunday, March 6 through Wednesday, March 9 
Exhibits: Sunday, March 6 through Tuesday, March 8 


SCIENTIFIC PROGRAM 
T.H. Seldon Distinguished Lecture: 
“Anesthesia, Science and Art” 
Frank M. Standaert. Mp, Dean of the Medical Faculty. 
Medical College of Ohio at Toledo 


REVIEW COURSE LECTURES: 


J. Jeffrey Andrews, MD Mieczyslaw Finster, MD Walter S. Nimmo. MD 
Jeffrey L. Apfelbaum, MD Paul R. Hickey. MD Richard J. Palahniuk. MD 
Paul G. Barash, MD John T. Martin, MD J. Gerald Reves, MD 
Jonathan L. Benumof, MD Charles H. McLeskey, MD Myer H. Rosenthal, MD 
D. Ryan Cook, MD Joseph M. Messick Jr. MD John J. Savarese. MD 
Benjamin G. Covino, MD Ronald D. Miller, MD Linda C. Stehling, MD 
Judith H. Donegan, MD Richard L. McCammon, MD John H. Tinker, MD 
Edmond I. Eger 11, MD Terence M. Murphy. MB Kevin K. Tremper, MD 
John H. Eichhorn, MD Paul F. White, MD 
PANEL: New Perspectives in Pediatric Anesthesia PANEL: Perioperative Blood Transfusion 
Barbara W. Brandom. MD Gene Berkman. MD 
Lynn M. Broadman, MD Norig Ellison. MD 
D. Ryan Cook, MD Ronald D. Miller, mD 
Paul R. Hickey, MD Linda G. Stehling, MD 


Leslie E. Silberstein. MD 


153 Scientific Papers . . . 114 Scientific Posters . . . Theme Luncheons 
Scientific Exhibits - Technical Exhibits - Product Seminars 


REGISTRATION »e CME CREDIT e AIR TRAVEL e HOTEL 


FEES: [ARS Members $175 ($200 on-site) 
IARS Educational Members No Fee 
Nonmembers $350 ($400 on-site) 
Nonmember Residents $50 (with certification) 


CME CREDIT: ACCME/AMA: Category 1: 31 hours 


SPECIAL AIR FARES: Both Delta Airlines and United Airlines, in cooperation with the LARS, will provide reduced fares 
for round-trip travel to San Diego. Full details will be included in the preliminary program mailing, or can be obtained 
by calling the following numbers and referring to LARS meeting and file/account numbers shown: 

United: 1-800-521-4041—Account No. 8063-H: Delta: 1-800-241-6760—File No. P-0095 


HOTELS: The headquarters hotel where all meetings and exhibits will be held is the Marriott-San Diego (formerly the Inter- 
Continental), 333 West Harbor Drive, San Diego, CA 92101. A limited number of rooms will also be available at the 
Omni Hotel. Reservations must be made on IARS meeting hotel reservation form. 
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Dual action 
INOCOR. LY. avenone 


Inotropic plus 
vasodilating action 
in a single drug. 


Two-in-one action can 
improve hemodynamic response 
after cardiac surgery. 

In patients with congestive 
heart failure due to coronary 
artery disease, INOCOR LY. 
increases CI and decreases 
preload and afterload without 
increasing MVO, or significantly 
increasing risk of arrhythmias. 

INOCOR LV. is “...an 
extremely useful tool....1 have 
been using amrinone...[for] 
inotropic support to wean 
patients from cardiopulmonary 
bypass and as a means of 
increasing [CI] in the post- 
bypass period.”* 

Roberta Hines, M.D. 


Yale University School of Medicine 
Yale University Hospital 





cy 








tn=8. Amrinone was infused at 2.5 mg/kg over 1 hour. Adapted from 
Benotti et al.’ 

Please see last page for important product information concerning 
contraindications, adverse reactions, patient selection, and precautionary 
recommendation 





"interview on file, Winthrop Pharmaceuticals 


© 1987 Winthrop Pharmaceuticals. 


State-of-the-heart 


nocor 





V 


(AMRINONE) 


Dual-acting therapy, 
instead of catecholamines 


% change from baseline 


State-of-the-heart 
therapy. 





= INOCORTV, 
o-in-ọne dual inotropic and 
vasodilator action provides 
improved therapy for the - 
ac surgery patient. 


W Unlike catecholamines, INOCOR 
does not increase MVO, and can be 
used in ischemic patients with 


heart failure. 


W Unlike catecholamines, INOCOR 
does not significantly increase risk 


W Unlike catecholamines, INOCOR 
does not act on the beta receptors— 
may be effectively used in patients 


on beta blockers. 


of arrhythmias (see Precautions). 


Please consult full product information before prescribing A summary follows 
INOCOR lactate injection, brand of amrinone lactate, represents a new class of 
cardiac inotropic agents with vasodilator activity, distinct from digitalis 
cosides or catecholamines. 
AND USAGE (INOCOR lactate injection is indicated for the 
Short-term management of congestive heart failure in patients who can be 
Closely monitored and who have not responded adequately to digitalis, 
diuretics, and/or vasodilators) 

INOCOR lactate injection is indicated for the short-term management ot 
congestive hear! failure. Because of limited experience and potential for serious 
adverse effects (see ADVERSE REACTIONS), INOCOR should be used only in 
patients who can be closely monitored and who have not responded adequately 
to digitalis, diuretics, and/or vasodilators. Although most patients have been 
Studied hemodynamically tor periods only up to 24 hours, some patients were 
studied for longer periods and demonstrated consistent hemodynamic and 
clinical effects The duration of therapy should depend on patient 
responsiveness 

INOCOR lactate injection is contraindicated in patients 

who are hypersensitive to it 

Ry ts also Contraindicated in those patients known to be hypersensitive to 
Osulfites 
PRECAUTIONS General. INOCOR lactate injection should not be used in 
Patients with severe aortic or pulmonic valvular disease in lieu of surgical relief 
of the obstruction Like other inotropic agents, it may aggravate outflow tract 
obstruction in hypertrophic subaortic stenosis. 

During intravenous therapy with INOCOR lactate injection, blood pressure 
and heart rate should be monitored and the rate of infusion slowed or stopped in 
patients showing excessive decreases in blood pressure 


Patients who have received vigorous diuretic therapy may have insuffi- 


cient cardiac filling pressure to respond adequately to IN lactate injection, 
in which case cautious liberalization of fluid and electrolyte intake may be 
indicated. 

Supraventricular and ventricular arrhythmias have been observed in the 
very high-risk population treated. While amrinone per se has not been shown to 
be arrhythmogenic, the potential for arrhythmia, present in congestive heart 
failure itself, may be increased by any drug or combination of drugs 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS 
LABORATORY TESTS Fluid and electrolytes: Fluxd and electrolyte changes 
and renal function shouid be carefully monitored during amrinone lactate 
therapy Improvement in cardiac output with resultant diuresis may necessitate 
a reduction in the dose of diuretic Potassium loss due to excessive diuresis 
May predispose digitalized patients to arrhythmias. Theretore. hypokalemia 
should be corrected by potassium supplementation in advance of or during 
amrinone use 
DRUG INTERACTIONS in a relatively limited experience, no untoward clinical 
manifestations have been observed in patients in whom INOCOR lactate 
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Injection was used concurrently with the following drugs: digitalis glycosides, 
hdocaine, qu idine, metoprolol, propranolol, hydralazine, prazosin, sosorbide 
dinitrate, nitroglycenne, chlorthaldone, ethacrynic acid, furosemide, hydrochlo 
rothsande, spironolactone, captopril, heparin, warfarin, potassium supple- 
ments, insulin, diazepam. 

One case of excessive hypotension was reported when amrinone was 
used concurrently with disopyramide 

Until auditional experience is available, concurrent administration with 
Norpace® disopyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR ıs not recommended 
for use in acute myocardial infarction 
USE IN CHILDREN Safely and effectiveness in children have not been 
established 
USE IN PREGNANCY Pregnancy category C in New Zealand white rabbits, 
amrinone has been shown lo produce fetal skeletal and gross external 
maiformations at oral doses ot 16 mg/kg and 50 mg/kg that were toxic for the 
rabbit. Studies in French Hy/Cr rabbits using oral doses up to 32 mg/kg/day did 
not confirm tiis finding. No malformations were seen in rats receiving amnnone 
intravenously at (he maximum dose used. 15 mg/kg/day (approximately the 
recommended daily IV dose tor patients with congestive heart failure) There are 
no adequate and well-controlled studies in pregnant women. Amrinone should 
be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus 
USE IN NURSING MOTHERS Caution should be exercised when amrinone is 
administered to nursing women, since it is not Known whether it is excreted in 
human milk 
ADVERSE REACTIONS Thrombocytopenia: Intravenous INOCOR lactate 
injection resulted in platelet count reductions to below 100,000/mm? in 2 4% ot 
patients 
Gastrointestinal effects. Gastrointestinal adverse reactions reported with 
INOCOR lactate injection during clinical use included nausea (17%). vomiting 
(0.9%). abdomina! pain (0.4%), and anorexia (0.4%) 
Cardiovascurar effects: Cardiovascular adverse reactions reported with 
INOCOR lactate injection include arrhythmia (3%) and hypotension (1.3%) 
Hepatic toxicity In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day 
amnnone showed dose-related hepatotoxicity manifested either as enzyme 
elevation or Fepatic cell necrosis.or both Hepatotoxicity has been observed in 
man following long-term oral dosing and has been observed, in a limited 
expenence (02%), following IV administration of amrinone 
Hypersensitraty: There have been reports of several apparent hypersensitivity 
feactions in patients treated with oral amrinone tor about two weeks, Signs and 
symptoms were variable but included pericarditis, pleuritis, and ascites (one 
Case), myosms with interstitial shadowing on chest x-ray and elevated 
Sedimentaton rate (one case), and vasculitis with nodular pulmonary densities, 
hypoxemia, and jaundice (one case} The first patient died, not necessarily of 
the possible reaction, while the last two resolved with discontinuation of 
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therapy. None ot the cases were rechatienged, So attribution to amnnone is not 
Certain, Dut possible hypersensitivity reactions should be considered in any 
Patient maintained for a prolonged penod on amrinone 

General. Additional adverse reactions observed in intravenous amrinone 
Clinical studies include fever (0.9%), chest pain (0.2%), and burning at the site of 
injection (0.2%). 

ERDOSAGE Doses of INOCOR tactate injection may produce hypotension 
because of its vasodilator effect. It this occurs, amrinone administration should 
be reduced or discontinued. No specific antidote is known, but general 
measures for circulatory support should be taken 
MANAGEMENT OF ADVERSE REACTIONS Piatele! count reductions 
Asymptomatic platelet count reduction (to less than 150,000/mm*)} may be 
reversed within one week of a decrease in drug dosage. Further, with no change 
in drug dosage, the count may stabilize at lower than predrug levels without any 
Clinical sequelae Predrug platelet counts and frequent platelet counts duning 
therapy are recommended to assist in decisions regarding dosage 
modifications 

Should a platelet count less than 150.000/mm? occur, the following 
actions may be considered 
© Maintain total daily dose unchanged, since in some cases counts have either 

stabilized or returned to pretreatment levels 
e Decrease total daily dose - 
© Discontinue amrinone if, in the clinical judgment of the physician, risk exceeds 
the potential benefit 

Gastrointestinal side effects While gastrointestinal side effects were seen 
infrequently with IV therapy. should severe or debilitating ones occur, the 
physician may wish to reduce dosage or discontinue the drug based on the 
usual benefit-lo-nsk considerations 
Hepatic toxicity- In clinical experience to date with IV administration, hepato 
toxicity has rarely been observed If acute marked alterations in liver enzymes 
Occur together with clinical symptoms. suggesting an idiosyncratic hypersensi 
tivity reaction, amrinone therapy should be promptly discontinued 

if less than marked enzyme alterations occur without clinical symptoms 
these nonspecific changes should be evaluated on an individual basis. The 
Cliniaan may wish to continue amrinone and reduce the dosage or discontinue 
the drug based on the usual benefit-to-nsk considerations 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution containin 
INOCOR 5 mg/mL. box of 5 (NDC 0024-0888-20) Each 1 mL contains INOCOR 
lactate equivalent to 5-mg base and 0.25 mg sodium metabisultite in water for 
imyection 
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The effect of calcium channel blockers (Ca-antagonists) on 
the potency and reversibility of muscle relaxants (MR) was 
investigated in the in vitro phrenic nerve-hemidiaphragm 
and in vivo sciatic nerve-tibialis anterior preparation of 
rats. To increase the relevance of the experimental findings 
to the clinical situation, the [Ca**] and [Mg* '] in vitro 
were the same as in the plasma of rats and humans and the 
stimulation parameters used in vitro and in vivo were 
similar to those that elicit voluntary movements of the 
muscles used. Both verapamil and nifedipine significantly 
decreased the 15 and Igy of d-tubocurarine (d-Tc), pancu- 
ronium, vecuronium, and atracurium in vitro and those of 
the first three MR in vivo (P < 0.001). In vitro, the 
depression of the force of contraction of the diaphragm (P) 


caused by all the Ca-antagonist-MR combinations could be 
reversed only partially by washout, neostigmine, or 4- 
aminopyridine. In vivo, because of limitations imposed by 
their cardiovascular depressant effect, the muscles were 
exposed to lower concentrations of Ca-antagonists for 
shorter periods. Under these circumstances the decrease of P 
caused by all Ca-antagonist-MR combinations recovered 
spontaneously close to control levels. This study indicates 
that acute administration of verapamil during anesthesia 
may increase MR potency, but it is unlikely that spontane- 
ous recovery or reversibility of the residual neuromuscular 
(NM) block at the end of anesthesia will be significantly 
affected. However, long-term administration of Ca- 
antagonists may make difficult the reversal of the residual 
NM block. 


Key Words: NEUROMUSCULAR RELAXANTS— 
d-tubocurarine, pancuronium, vecuronium, 
atracurium. PHARMACOLOGY—catcium 
CHANNEL BLOCKERS, verapamil, nifedipine. 





It has been reported that in relatively high concentra- 
tions, calcium channel blockers (Ca-antagonists) in- 
hibit both the directly and indirectly elicited force of 
contraction (P) in in vitro nerve-muscle preparations 
of rats (1), frogs (2), and chicks (3). The depression of 
P caused by Ca-antagonists is only partially reversed 
by washout. Increasing the concentration of Ca** or 
adding 0.75 uM neostigmine or 40 uM 4-aminopyri- 
dine (4AP) to the organ baths has little or no antag- 
onist effect (1). Some investigators found that in vivo, 
doses of Ca-antagonists that did not cause significant 
hypotension had little or no effect on P in rats (4), cats 
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(5), or rabbits (6). Others reported that in cats (7) 
0.1-0.4 mg/kg verapamil decreased P significantly, 
more so during indirect than during direct stimula- 
tion, without any significant cardiovascular effect. 
Most investigators believe that Ca-channel blockers 
have both pre- and postsynaptic effects (3). It is 
conceivable that the relative importance of the pre- 
and postsynaptic component of the myoneural effect 
of Ca-antagonists varies in different species. (The 
term “myoneural” instead of neuromuscular (NM) is 
intended to signify that a compound not only affects 
NM transmission, it also modifies excitation—contrac- 
tion coupling and/or muscular contractility.) The 
postsynaptic component appears to be most pro- 
nounced in rats (1), and greater in cats (7) than in 
dogs (8). 

Whatever the site and mechanism of their neuro- 
muscular (NM) effects, it was found by all investiga- 
tors that Ca-antagonists increased the NM effect of 
muscle relaxants (MR) in both in vitro (2,3,9-12) and 
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in vivo (46,13) animal experiments. In most of fre 
studies cited above, however, the interaction of a 
single Ca-antagonist, usually verapamil, with only a 
single MR has been investigated, and the combined 
effect of these compounds was not observed in beth 
in vitro and in vivo nerve—muscle preparations of the 
same species. Furthermore, the extracellular [Ca*7] 
of the bathing solutions used in the in vitro experi- 
ments was much higher than in human or animal 
plasmas (14) and, although in mammals voluntary 
muscle movements are elicited by short trains of 
tetani (15), low frequency single stimuli were em- 
ployed both in vitro and in vivo. Extracellular [Ca 7] 
(14) and stimulation parameters (16) have great influ- 
ence on the potency and reversibility of MR and other 
myoneurally active compounds. Therefore, it was 
decided to investigate the interaction of Ca- 
antagonists and MR using physiologic [Ca**] {n 
vitro) and stimulation parameters (in vitro and -n 
vivo). It was assumed that observation of the m7- 
neural interaction of these two groups of compourds 
under these experimental conditions would be mo-e 
relevant to the clinical situation than those employed 
in earlier studies. 

Anesthesiclogists may have to deal with the inter- 
action of Ca-antagonists and MR in patients who aze 
on prolonged Ca-antagonist therapy before surge- 
or in others given one or two doses of verapamil IV 
for treatment of supraventricular paroxysmal tachy- 
cardia or reduction of ventricular rate associated wi-h 
atrial fibrillation or flutter during anesthesia. In 2a- 
tients on Ca-antagonist maintenance therapy, these 
compounds may accumulate in the muscles. This 
accumulation is unlikely to occur in patients who 
receive verapamil IV during anesthesia. To simulate 
both situations we observed the interaction of the two 
most widely used Ca-antagonists and four MR in v-ro 
and three MR in vitro. Atracurium was only inve3-i- 
gated in vitro. In vitro exposure to Ca-antagonists 
was relatively long and, similar to the situation in 
patients on maintenance therapy, these compounds 
could accumulate in the muscle. In vivo, because bf 
their cardiovascular depressant effect, only a single 
dose of Ca-antagonist could be used, and therefSre 
there was no opportunity for their accumulation in 
muscle. ' 


Methods 


Male Sprague-Dawley rats of 300 to 400 g bady 
weight were used in both the in vitro and in vivo 
experiments. For in vitro studies the rats were ligkfly 
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Figure 1. Schematic representation of the in vitro experimental 
setup. 


anesthetized with ethyl ether and decapitated. The 
phrenic nerves and hemidiaphragms were dissected 
and suspended in organ baths (Fig. 1) in modified 
Krebs’ solution (14) containing 1.4 mM CaCl, and 0.9 
mM MgSOQ,. In the presence of these [CaCl,] and 
[MgSO,], the physiologically important [Ca**] (1.1 
mM) and [Mg**] (0.8 mM) are the same as in human 
or rat plasma. The bath was aerated with 95% O5% 
CO, and its temperature was maintained at 37°C. The 
pH of the bath was between 7.38 and 7.42. The 
phrenic nerve was placed across bipolar platinum 
electrodes immersed in the organ bath and the hemi- 
diaphragm was stimulated (Grass model S48B stimu- 
lator) indirectly with 0.1-second trains of 50 Hz, 
supramaximal, square wave impulses of 0.2 msecond 
duration every 20 seconds. Fifty-Hz stimulus fre- 
quency was selected because voluntary muscle move- 
ments in mammals are elicited with stimulation fre- 
quencies that correspond to the fusion frequency of 
the respective muscle (15). This was found to be 
45-50 Hz for the diaphragm of rats (16). Before the 
start of stimulation, the optimal resting tension 
(10-15 g) was applied to the diaphragm. The isomet- 
ric force of contraction (P) was quantitated with FT03 
transducers and continuously recorded (Grass model 
70 polygraph). After P became stable the cumulative 
dose response of d-Tc, pancuronium, vecuronium 
bromide, and atracurium besylate was.determined in 
12 experiments with each MR. In two other groups of 
12 experiments each, with every MR, the cumulative 
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dose response was determined after the addition of 
10 uM verapamil, or 2 uM nifedipine to the bath. 
After >90% block had been established, four prepa- 
rations of each group of 12 were washed with drug- 
free modified Krebs’ solution; to four others we 
added 0.75 uM neostigmine methylsulfate, and to 
four others we added 40 uM 4-aminopyridine hydro- 
chloride (4AP). We determined I; and I% concentra- 
tions of each MR alone and in the presence of 
verapamil or nifedipine from the computer-derived 
log dose-response regression lines. The maximal re- 
covery of P after washout or the addition of neostig- 
mine or 4AP was also noted. 

In the in vivo experiments, rats were anesthetized 
with 35 mg/kg pentobarbital sodium plus 0.5 mg/kg 
urethane intraperitoneally injected (IP). One carotid 
artery and both external jugular veins were cannula- 
ted, the former for continuous recording of arterial 
blood pressure (BP), the latter for injection of drugs. 
The arterial line was kept open with the infusion of 
about 10 ml. kg~*- h7 0.9% NaCl. Anesthesia was 
maintained with repeat doses of 10 mg/kg subcuta- 
neous (SC) pentobarbital, as indicated. After induc- 
tion of anesthesia, both sciatic nerves were exposed 
in the gluteal region, placed on bipolar platinum 
electrodes, and crushed with a heavy ligature, prox- 
imal to the electrodes. The distal tendon of both 
tibialis anterior muscles was dissected, separated 
from its insertion, and attached to FT03 transducers. 
Before the start of indirect stimulation, the optimal 
resting tension (25-30 g) was applied to the muscles. 
Stimulation and recording of P was identical to that 
described for the in vitro experiments. ED; and ED 
ug/kg doses of d-Tc, pancuronium, and vecuronium 
were determined from the cumulative log dose- 
response regression lines in the absence of Ca- 
antagonists or 5 min after 0.4 mg/kg verapamil or 0.1 
mg/kg nifedipine had been infused IV, over 10 min, 
in 1 ml/kg 0.9% NaCl. More rapid rates of adminis- 
tration of verapamil or nifedipine caused severe hy- 
potension. In the experiments in which no Ca- 
antagonist was used, the same volume of 0.9% NaCl 
was infused over 10 min. After determination of the 
cumulative dose-response, spontaneous recovery of 
NM transmission was observed we recorded the 
recovery rate (time in minutes from the return of P 
from 25 to 75% of control), maximal recovery of P, 
and time to maximal recovery of P, measured from 
the time of development of the maximal effect of the 
last cumulative dose. It was difficult to obtain repro- 
ducible cumulative dose-response with atracurium in 
vivo. Determination of the dose-response with the 
individual dose method would have been too time- 


consuming. Furthermore, the results of our in vitro 
studies indicated that it is unlikely that the interaction 
of Ca-antagonists with atracurium and with the other 
three MR would be qualitatively different. For these 
reasons atracurium was not included in the in vivo 
studies. : 

Heart rate (HR) and systolic, diastolic, and pulse 
pressures were also recorded before and at the end of 
the infusion, and also 5 minutes later, just before the 
start of the determination of the cumulative dose- 
response. Twelve to 20 experiments were made with 
each of the three MR and with each of their combi- 
nations with verapamil or nifedipine. 

Nifedipine is almost insoluble in water and is very 
photosensitive. For the in vitro studies, a 140-uM 
nifedipine solution was prepared by dissolving 4.85 
mg nifedipine in 100 ml of a solution consisting of 15 
ml ethyl alcohol plus 15 ml polyethyleneglycol plus 
70 ml distilled water. One ml of this solution added to 
the 70-ml bath resulted in a 2-uM nifedipine concen- 
tration. Nifedipine solutions were prepared and the 
in vitro experiments were carried out in infrared 
light. In the in vivo experiments the nifedipine solu- 
tion was protected from light during infusion by 
wrapping the syringe in tinfoil. 

Data were statistically analyzed with analysis of 
variance (ANOVA) followed by Dunnett test or Stu- 
dent’s t-test: P < 0.05 was considered statistically 


significant. 


Results 
In Vitro Experiments 


It was determined in preliminary experiments that 
the addition to the bath of 1 ml of the solvent used for 
the preparation of the nifedipine solution had no 
measurable NM effect. Verapamil 10 uM or 2 uM 
nifedipine added to the bath 30 minutes before the 
start of the determination of the cumulative dose- 
response of the MR had no effect on P. These con- 
centrations of verapamil or nifedipine, however, 
caused a significant (ANOVA test) decrease.of the Iso 
and Ip of the four MR (Table 1). Isobolograms (Fig. 2) 
indicate that both Ca-antagonists potentiated the NM 
effect of MR. Verapamil decreased the Iso and I% of 
d-Tc and vecuronium significantly more than nifedi- 
pine (Student’s t-test). With pancuronium and atra- 
curium, the differences between the effects of the two 
Ca-antagonists were not significant. After washout, 
with drug-free modified Krebs’ solution, in the ab- 
sence of Ca-antagonists, recovery rates and time to 
maximal recovery were significantly slower with d-Tc 
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Table 1. Influence of Verapamil or Nifedipine on the In Vitro Neuromuscular Potency and on the Recovery of Force of 
Contraction (P) After Washout* 





Recovery parameters after washout 


Compounds ; ; > 

Time to maximal Maximal 
MR Ca-antagonist lso (uM) Io tM) Recovery rate (min) recovery recovery of P 

— 0.47 + 0.01 0.90 + 0.03 12.3 + 0.3§ 32.0 + 0.3§ 93 + 2| 
d-Te Verapamilt 0.25 + 0.01 0.58 + 0.03 11.0 + 0.1 TRS sk OS Vas 1 
Nifedipine 0.34 + 0.03$ 0.69 + 0.03t —4 34.0 + 1.5 53 +6 
— 2.19 + 0.07 K ea E E 4.5 + 0.4 12.0 + 1.2 98 +3 
Pancuronium Verapamil 1.17 + 0.08 2.63 + 0.13 11.4 + 0.9 16.9 + 1.0 82 +3 
Nifedipine 1.32 + 0.07 2.66 + 0.13 8.915 12.6 + 1.9 81+5 
— 3.77 + 0.25 7.23 + 0.44 46+1.3 16.0 + 1.0 101 + 5 
Vecuronium Verapamil 1.97 + 0.13 4.73 + 0.22 10.4 + 1.9 15:6 + 1:5 78 +2 
Nifedipine 2.63 + 0.21 6.60 + 0.42 — 20.0 + 2.2 73+ 4 
— 11.47 + 0.57 25.86 + 1.27 5.8 + 0.4 11.8 + 1.4 92+2 
Atracurium Verapamil 5.11 + 0.72 14.21 + 0.72 -— 16.9 + 1.1 60 + 2 
Nifedipine 6.18 + 1.05 15.61 + 1.05 -— 16.0 + 1.7 64+3 





*Rat phrenic nerve-hemidiaphragm preparation; modified Krebs’ solution; stimulation with 0.1-second trains of 50-Hz impulses, every 20 seconds; I, and 
Igo values are mean + SEM of 12 experiments, recovery data are means + sEM of 4 experiments; verapamil 10 uM, nifedipine 2 uM. 

+The Iso and Igy values of all four MR were significantly decreased by both verapamil and nifedipine (P < 0.001; ANOVA test). 

tIndicates significant differences (P < 0.02; Student's t-test) between the effects of verapamil and nifedipine on ls and lo values of the MR. 

§Recovery rates (time for recovery of P from 25 to 75% of control) and time to maximal recovery, in absence of Ca-antagonists was significantly longer 
(P < 0.001; ANOVA test) with d-Te than with other three MR] 

Maximal recovery (percent of control) was greater (P < 0.05 to 0.001 ANOVA test) with all MR in the absence of Ca-antagonists. 

{Recovery <75% of control. 


VERAPAMIL (uM) 
VERAPAMIL (uM) 





Figure 2. Isobolograms of the interaction of 
verapamil with d-tubocurarine, pancuronium, 
vecuronium, and verapamil. Diagonal solid 
lines (isobols) connect the Is) concentration 
point of verapamil on the ordinate with those 
of the muscle relaxants on the abscissa. Broken 
0 0.1 02 03 04 0.5 0 05 10 15 2.0 lines, perpendicular to the abscissa, start from 
D-TUBOCURARINE (uM) PancuroniuM (uM) the point of the ls of muscle relaxants ob- 

tained in the presence of verapamil concentra- 

tions indicated by the starting point of broken 

40 40 lines perpendicular to the ordinate. Note that 
solid dots at the intersection of the broken 
lines are located left of the isobol. This indi- 


10 (eee 


= = cates that the combined effect of verapamil and 
= 0 = 30 muscle relaxants is more than additive (poten- 
2 2 tiation) (17). 
2 2 
= 20 = 20 
> > 

10 10 

0 10 2.0 3.0 4.0 0 2.0 40 6.0 8.0 10.0 
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Table 2. Influence of Verapamil or Nifedipine on Recovery Parameters After Neostigmine or 4-Aminopyridine (4AP)* 
ee a a Pr ae ee S 


Compounds Time to maximal recovery (min) Maximal recovery of Pt 
MR Ca-antagonist Neostigmine (0.75 uM) 4AP (40 uM) Neostigmine (0.75 »M) 4AP (40 uM) 
— 6.3 + 0.3 21.0 + 1.00§ 68 +1 5742 
d-Tc Verapamil 4.5 + 0.3 20.3 + 0.3 6544 5745 
Nifedipine 5.3 + 1.0 24.3 + 0.3 39 +1 4444 
— 4.7 + 1.5 29.7 + 2.9 42 +3 6+1 
Pancuronium Verapamil 6.0 + 0.7 21.3 + 0.9 36 +1 56 +1 
Nifedipine 6.7 + 0.4 23.0 + 1.0 50+2 51 +4 
— 5.4 + 0.9 32.3 + 1.1 42 +2 59 + 8 
Vecuronium Verapamil 6.9 + 0.6 31.0 + 3.2 36 +3 58 + 2 
Nifedipine 6.1 + 0.4 17.4 + 2.8 3141 38 + 2 
— 60.8 + 6.5|| 85.8 + 14.1] 635 108 + 49 
Atracurium Verapamil 37.3 + 8.6] 31.0 + 1.7 60 +2 92 + 34 
Nifedipine 25.0 + 2.9] 23.5 + 1.6 42+6 44+2 





“Experimental conditions as in Table 1. 
tPercent of control. 
All values are means + sgm of four experiments. 


cept for atracurium and its combinations, maximal recovery of P was faster with neostigmine than with 4AP (P < 0.001; Student's t-test). 
ime to maximal recovery of P is longer than with other MR reversed by the same antagonist (P < 0.001; ANOVA test). 
{Maximal recovery of P after reversal with four AP is greater than with the other MR and their combinations with Ca-antagonists (P < 0.001; ANOVA test). 


than with the other three MR (ANOVA test) (Table 
1). Except for its combination with pancuronium, 
maximal recovery of P in the presence of nifedipine 
was <75% of control and, consequently, recovery 
rates could not be calculated. Maximal recovery of P 
was greater in the absence than in the presence of 
Ca-antagonists (ANOVA test). 

The recovery parameters, without washout, after 
the addition of 0.75 uM 4AP are summarized in Table 
2. Recovery rates were not included in this table 
because maximal recovery of P after the addition of 
any of the two antagonists was only >75% after 
atracurium alone and verapamil plus atracurium. The 
significance of this observation will be discussed 
later. With d-Tc, pancuronium, and vecuronium, and 
with their combinations with either of the two Ca- 
antagonists, maximal recovery of P was <65% of 

control after reversal with neostigmine or 4AP. The 
' time to maximal recovery, however, was always 
significantly less after neostigmine than after 4AP 
(Student's t-test). 


In Vivo Experiments 


The IV infusion of 0.4 mg/kg verapamil over 10 
minutes decreased HR by about 10% of control (Table 
3). Nifedipine 0.1 mg/kg infused over 10 minutes had . 
no effect on HR. Verapamil decreased systolic BP by 
about 15% but, in 5 minutes, BP recovered close to 
control. Nifedipine had a delayed, moderate effect 
(about 7% decrease) on systolic BP. At the end of 
their infusion, both verapamil and nifedipine de- 
creased diastolic BP by about 25%. Five minutes after 
the end of infusion, the effect of nifedipine on dias- 
tolic BP remained unchanged, but that of verapamil 
started to wear off. Both verapamil and nifedipine 
increased pulse pressure, nifedipine significantly 
more than verapamil (Student’s t-test). 

The IV infusion of 0.4mg/kg verapamil or 0.1 
mg/kg nifedipine caused a <10% decrease of P. These 
doses of Ca-antagonists, however, significantly de- 
creased the Isg and Igg (increased potency) of the MR 
investigated (ANOVA test) (Table 4). Nifedipine sig- 


Table 3. Effect of Verapamil or Nifedipine on Heart Rate and Blood Pressure 


At end of infusion 





5 minutes after end of infusion 


Verapamil Nifedipine Verapamil Nifedipine - 
Heart rate 90.2 + 2.3* 103.9 + 3.8t 91.3 + 1.8 103.3 + 3.9 
Systolic BP 85.7 + 2.3 100.0 + 3.7+ 97.2 + 2.4° 93.7 + 2.6 
Diastolic BP 73.7 + 2.0 72.9 + 3.1 84.6 + 3.0° 75.2 + 2.5t 
Pulse pressure 115.4 + 5.0 183.7 + 4.1 128.0 + 5.2 159.1 + 7.74,f 





*Mean + sEm of ten observations; all values 


as percent of control. 


tndicates significant difference between the effects of verapamil and nifedipine (P < 0.02; Student's t-test) at corresponding observation periods. 
indicates significant difference between the effects of verapamil or nifedtpine (P < 0.02; paired t-test) at different observation periods. 
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Table 4. Influence of Verapamil or Nifedipine on the In Vivo Neuromuszular Potency and on the Spontaneous 
Recovery of Force of Contraction (P)* ` 











ze Seem s EDsp EDs: Recovery rate Time to maximal Maximal 
MR Ca-antagonist (ug/kg) (ekg) (min) (min) recovery recovery of P (%) 

— 34.1 + 1.6 62.€ + 1.0 5.1 = 0.3 13.2 + 0.5 95 +2 

d-Tc Verapamilt 26.5 + 1.1 50.2 + 1.5 4.9 = 0.3 12.7 + 0.3 89 +1 
Nifedipine 22.9 + 1.1 44.€ + 1.6 7.5 = 0.9 24.5 + 1.8 98 +3 

— 118.9 + 3.9 188.2 + 4.0 3.8 = 1.2 15.7 + 1.4 99 +1 

Pancuronium Verapamil 73.2 + 6.6 121.7 + 3.3 5.2 = 0.6 13.5 1.7 88 +2 
Nifedipine 57.8 + 4.8 101.2 + 2.5 5.1 = 0.2 13.9 + 1.1 %9 +2 

— 220.0 + 11.5 443.5 + 10.8 2.1 = 0.1§ 7.8 + 0.3§ 96 + 2 

Vecuronium Verapamil 124.9 + 6.0 257.2 + 15.9 2.6 = 0.2§ 7.2 + 0.5§ 92 +1 
Nifedipine 137.0 + 13.8 283.4 + 27.1 | 2.7 = 0.2§ 9.4 + 0.7§ 891 


*Rat sciatic nerve-tibialis anterior preparation; stimulation parameter- as in Table 1; all values are means + SEM of six experiments. 
+The ED and ED values of the three MR were significantly decreased by both verapamil and nifedipine (P < 0.001; ANOVA test). 


findicates significant differences between 


the effects of verapamil end nifedipine on EDs and ED of pancuronium (P < 0.001; ANOVA test). 


§Recovery rates and time to maximal recovery (see Table 1 for definitions) after vecuronium alone or in combination with verapamil or nifedipine were 
shorter than with d-Tc or pancuronium and their combinations with Ca-antagonists (P < 0.001; ANOVA test). 


nificantly increased the NM effect of pancuronian 
more than did verapamil (Student's t-test). Sporta- 
neous recovery of P was 88% of control or more, after 
the three MR alone or in combination with the two 
Ca-antagonists. Both recovery rates and times -o 
maximal recovery were significantly more rapid after 
vecuronium and its combinations with Ca-antag>- 
nists than after d-Tc or pancuronium and their ccn- 
binations (ANOVA test). 


Discussion 

In agreement with earlier reports, concentrations (n 
vitro) or doses (in vivo) of verapamil or nifedip ne 
which, alone, had little or no effect on P, increased 
the NM potency of MR. In vitro, the combined effect 
of verapamil or nifedipine with the four MR was 
greater than additive (Fig. 2). In rats the cardiovasza- 
lar system is much more sensitive to Ca-antagonisis 
than is the myoneural apparatus and the experim=2n- 
tal animals did not tolerate high enough doses bf 
these compounds to make possible the determinatcn 
of their in vivo NM EDs, (1). Because of this, it cou d 
not be ascertained whether in vivo Ca-antagonists 
potentiate the NM effect of MR or their effect is 
additive. However, the degree of augmentation Df 
the in vivo NM effect of MR by Ca-antagonists makes 
it probable that their combined effect is more then 
additive. 

In vitro, maximal recovery of P after washout was 
less in the presence than in the absence of Ca- 
antagonists (Table 1). This indicates that Ca- 
antagonists are difficult to remove from the muscle (1) 
and suggests that these compounds may accumulace 


in muscles of patients on Ca-antagonist maintenance 
therapy. Because the myoneural effects of Ca- 
antagonists cannot be antagonized by either neostig- 
mine or 4AP (1), it may be difficult to reverse the NM 
effect of MR-Ca-antagonist combinations. Without 
washout, the addition of neostigmine or 4AP to the 
bath caused <75% recovery of P depressed by d-Tc, 
pancurorium, or vecuronium alone or in combina- 
tion witk Ca-antagonists (Table 2). The incomplete 
recovery of NM transmission after the addition of 
neostigmine was not unexpected. It has been re- 
ported that concentrations of neostigmine that com- 
pletely antagonized the >90%-NM block in the rat 
phrenic nerve hemidiaphragm preparation stimu- 
lated at 0.1 Hz caused only partial reversal of the NM 
block in preparations stimulated with short trains of 
50-Hz tetani (16). Recent experiments (18) indicate 
that the probable reason for the only partial antago- 
nism of the NM block at physiologic, high stimulation 
rates is ceused by the combination of two factors. The 
first of these is that during stimulation at 0.1 Hz, 10 
seconds are available between stimuli for the mobili- 
zation of vesicular acetylcholine (ACh) and replenish- 
ment of readily releasable ACh stores. In contrast, 
during 5C-Hz stimulation this time interval is reduced 
five huncredfold, to 0.02 second. The second factor is 
that MR inhibit the positive, nicotinic feedback mech- 
anism for the mobilization of vesicular ACh (19). The 
combined effect of these two factors is that, despite 
the presence of cholinesterase inhibitors, the ACh 
concentration at the NM junction does not reach the 
level nec2ssary for the competitive displacement of 
MR molezules from a large enough proportion of the 
cholinergic receptors of the postjunctional membrane 


“y 


\ 


MUSCLE RELAXANTS AND CALCIUM ANTAGONISTS 


Figure 3. The course of the neuromuscular 
blocking effect of atracurium on the in vitro 
phrenic nerve-hemidiaphragm preparation. 
For experimental conditions, see Methods. o 
Note thatthe >70% atracurium-induced neur- 
omuscular block recovers spontaneously 

without washout close to its control value in 

<2 hours. 


60 


necessary for complete reestablishment of NM trans- 
mission. 

Antagonism of the depression of P caused by 
atracurium plus nifedipine by neostigmine or 4AP 


was similar to that observed with the three other MR’ 


and with their combinations with verapamil or nife- 
dipine. Unexpectedly, however, the time to maximal 
recovery of P, depressed by atracurium alone, was 
much longer after the addition of neostigmine or 4AP 
than that observed with the other MR or their com- 
binations with Ca-antagonists. Maximal recovery of P 
depressed by atracurium alone or in combination 
with verapamil was also greater than that observed 
with the other MR or their combinations with Ca- 
antagonists (Table 2). It is conceivable that under our 
experimental conditions (ph 7.4, 37°C) the spontane- 
ous breakdown of atracurium may have contributed 
to the slow but more complete recovery of the de- 
pression of P. To test the validity of this assumption 
18 uM atracurium was added to three rat phrenic 
nerve-hemidiaphragm preparations (Fig. 3). This 
concentration of atracurium decreased P to 27.6 + 
2.4% of control (mean + sEM) in 20.2 + 2.4 minutes. 
Without washout, spontaneous recovery started 2.3 
+ 2.0 minutes after development of maximal effect 
and P recovered to 86.0 + 2.7% of control in 107.9 + 
4.9 minutes. Because 4AP increases the contractile 
force of the muscle fiber (20), it is understandable that 
after atracurium alone, P increased to above control 
(108 + 4%). 

In vivo doses of verapamil (0.4 mg/kg) or nifedi- 
pine (0.1 mg/kg) that caused little or no decrease of 
HR, moderate decrease of systolic BP, and about 25% 
decrease of diastolic BP (Table 3), significantly de- 
creased ED, and EDg of the four MR (Table 4) (P < 
0.001; ANOVA test). Spontaneous recovery of P after 
>90% depression produced by all drug combinations 
was more rapid and complete than in the in vitro 
studies (Table 4). This indicates that in rats, after 
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administration of doses of Ca-antagonists that are 
compatible with the functional integrity of the cardio- 
vascular system, the augmentation of the NM effect 
of MR by Ca-antagonists, although significant, is 
short-lasting. This indicates that if the effect of Ca- 
antagonists on the cardiovascular and myoneural 
systems in rats and humans are similar, short-term 
administration of Ca-antagonists during anesthesia 
would temporarily increase the intensity of NM block 
but would not unduly prolong its duration. Further- 
more, because after the administration of combina- 
tions of “safe” doses of Ca-antagonists and MR the 
proportion of NM block attributable to Ca-antago- 
nists is <10%, reversal of residual block at the end of 
anesthesia to clinically acceptable levels should not be 
difficult. The results of the in vitro studies with 
combinations of MR and Ca-antagonists suggest that 
the interaction between these two groups of com- 
pounds may be different in patients on Ca-antagonist 
maintenance therapy. In these patients, Ca-antago- 
nists may accumulate in the muscle and a greater 
proportion of the block may be attributable to Ca- 
antagonists. The myoneural effect of Ca-antagonists 
cannot be reversed by neostigmine or 4AP (1) and, as 
the results of this study indicate, the effect of MR-Ca- 
antagonists combinations can be reversed only par- 
tially by these compounds (Table 2). Consequently it 
can be expected that in some patients on maintenance 
doses of Ca-antagonists it may be difficult to reverse 
residual NM block at the end of anesthesia. Two such 
incidents have been reported already (21, 22). It 
would, however, require a carefully controlled pro- 
spective study to assess the incidence and severity of 
the difficulties that may be encountered in the rever- 
sal of the residual NM block in such patients. Mean- 
while, the administration of MR should be carefully 
monitored in patients on preoperative Ca-antagonist 
therapy and the doses of MR should be limited to the 
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minimum that will provide satisfactory muscular re- 
laxation. 


References 


th 


10. 


11. 


Bihazi GB, Flores C, Foldes FF. The effect of verapamil and 
EGTA on the rat phrenic nerve-hemidiaphragm preparation. 
Anesth Analg 1985;64:505-8. 


. Kraynack BJ, Lawson NW, Gintautas J. Verapamil reduces 


indirect muscle twitch amplitude and potentiates pancuro- 
nium in vitro (abstr). Anesthesiology 1982;57:A265. 


- Wali FA. Interaction of verapamil with d-tubocurarine and 


cholinergic agonists at the avian neuromuscular junction. Acta 
Anaesthesiol Scand 1987;31:15-20. 


- Bikhazi GB, Leung I, Foldes FF. Ca-channel blockers increase 


potency of neuromuscular blocking agents in vivo (abst). An- 
esthesiology 1983;59:A269. 


- Anderson KA, Marshall RJ. Interactions between calcium entry 


blockers and vecuronium bromide in anaesthetized cats. Br | 
Anaesth 1985;57:775-81. 


- Durant NN, Nguyen N, Katz RL. Potentiation of neuromuscu- 


lar blockade by verapamil. Anesthesiology 1984;60:298-303. 


- Kraynack BJ, Lawson NW, Gintautas J. Neuromuscular block- 


ing action of verapamil in cats. Can Anaesth Soc J 
1983;30:242-7. 


- Lawson NW, Kraynack BJ, Gintautas J. Neuromuscular and 


electrocardiographic responses to verapamil in dogs. Anesth 
Analg 1983;62:50-4. 


. Bikhazi GB, Leung |. Foldes FF. Interaction of neuromuscular 


blocking agents with calcium channel blockers (abstr). Anes- 
thesiology 1982;57:A268. 


Ilias W. Steinbereithner K. Potentiation of pancuronium in- 
duced neuromuscular blockade by calcium channel blockers in 
vitro. | Neural Transm 1985;64:285-93. 


Wali FA. Verapamil intensifies neuromuscular blockade pro 


12. 


13. 


14. 


15. 


16. 


18. 


19. 


20. 


21. 


BIKHAZI ET AL. 


duced by gallamine and pancuronium at the chick neuromus- 
cular junction. Pharmacol Res Commun 1986;18:529-41. 


Wali FA. Interaction of verapamil with gallamine and pancuro- 
nium and reversal of combined neuromuscular blockade with 
neostigmine and edrophonium. Eur J Anaesth 1986; 3:385-93. 


Carpenter RL, Mulroy MF. Edrophonium antagonizes com- 
bined lidocaine-pancuronium and verapamil-pancuronium 
neuromuscular blockade in cats. Anesthesiology 1986; 
65:506-10. 


Foldes FF. The significance of physiological [Ca**] and [Mg?*] 
for in vitro experiments on synaptic transmission. Life Sci 
1981;28:1585-90, 


Zierler KL. Mechanism of muscle contraction and its energet- 
ics. In: Mountcastle VB, ed. Medical Physiology. St. Louis: CV 
Mosby, 1974:84. 


Foldes FF, Chaudhry I, Ohta Y, Amaki Y, Nagashima H, 
Duncalf D. The influence of stimulation parameters on the 
potency and reversibility of neuromuscular blocking agents. J 
Neural Transm 1981;52:227-49. 


- Bowman WC, Bowman A, Bowman A. Dictionary of Pharma- 


cology. Oxford: Black Scientific, 1986:212-3. 


Foldes FF, Chaudhry IA, Kinjo M, Nagashima H. Depletion of 
readily releasable acetylcholine stores: the weak link in neuro- 
muscular transmission (abst). Anesthesiology 1987;67:A338. 


Bowman WC, Prejunctional and postjunctional cholinoceptors 
at the neuromuscular junction. Anesth Analg 1980;59:935-43. 


Foldes FF. 4-Aminopyridine als neuer Antagonist der neuro- 
muskularen Blockade. In: Buzello W, ed. Muskelrelaxantien. 
Georg Thieme Verlag; Stuttgart, New York 1981:211-18. 


van Poorten JF, Dhasmana KM, Kuypers RSM, Erdmann W. 
Verapamil and reversal of vecuronium neuromuscular block- 
ade. Anesth Analg 1984;63:155-7. 


. Jones RM, Cashman JN, Casson WR, Broadbent MP. Verapa- 


mil potentiation of neuromuscular blockade: failure of reversal 
with neostigmine but prompt reversal with edrophonium. 
Anesth Analg 1985;64:1021-5. 


~~ 


ANESTH ANALG 9 
1988; 67:9-14 








Does Diazepam Really Reduce the Cardiotoxic Effects of 


Intravenous Bupivacaine? 


Richard V. Gregg, Mb, Patricia A. Turner, BA, Donald D. Denson, Php, 


Roger C. Stuebing, ms, Constance S. Sehlhorst, Bs, and Tomas Forsberg, Bsc 








GREGG RV, TURNER PA, DENSON DD, STUEBING RC, 
SELHORST CS, FORSBERG T. Does diazepam really 
reduce the cardiotoxic effects of intravenous bupivacaine? 
Anesth Analg 1988;67:9-14. 


The effect of diazepam on the cardiovascular toxicity of 
bupivacaine was investigated in a rat model. Under chloral 
hydrate (400 mg/kg intraperitoneal) anesthesia, unilateral 
femoral venous and bilateral femoral arterial cannulae were 
placed for administration of drugs, for blood sampling, and 
for continuous qualitative monitoring of arterial blood 
pressure. Lead Il ECG was continuously recorded and a 
tracheostomy performed to increase Flo, by use of a “T- 
piece.” Four groups of 24 to 36 rats each were studied. All 
rats received IV bupivacaine 2 mg/kg, within 10 seconds. 
Group I, the control group, received only bupivacaine. 
Groups II and III received IV diazepam 0.2 mg/kg, or 
diazepam vehicle in an equivalent volume, respectively. 
Five minutes after this pretreatment, groups II and III 


received IV bupivacaine 2 mg/kg. Group IV was given 
diazepam, 0.2 mg/kg, 30 seconds after injection of 2 mg/kg 
bupivacaine. A marked respiratory and metabolic acidosis 
occurred in all rats but was significantly worse in groups II 
and III. No rat in the study became hypoxemic. Serious 
arrhythmias (ventricular or supraventricular tachycardia) 
were noted in all groups, but the incidence was significantly 
higher in the group of rats given diazepam pretreatment 
than in the other three groups. It is concluded that IV 
diazepam 0.2 mg/kg given 5 minutes before administration 
of IV bupivacaine 2 mg/kg increases the incidence of serious 
cardiac arrhythmias. Second, this increase is not solely due 
to increased acidosis, because the rats receiving the vehicle 
(group II) developed equivalent acidosis but did not develop 
increased arrhythmias. 


Key Words: ANESTHETICS, tocat—bupivacaine. 
TOXICITY—bupivacaine. BENZODIAZEPINES— 
diazepam. 
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Diazepam is widely used as a premedicant in patients 
scheduled for regional anesthesia. Diazepam report- 
edly protects patients from central nervous system 
(CNS) toxicity caused by local anesthetics by eleva- 
tion of the seizure threshold (1-3). Diazepam has also 
been advocated in the treatment of CNS and cardio- 
vascular system (CVS) toxicity resulting from acci- 
dental intravascular injections of local anesthetics 
(1-3). deJong and Bonin (1), for example, reported 
that “intravenous benzodiazepines commonly re- 
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duced the incidence of bupivacaine-induced ventric- 
ular arrhythmias.” deJong and Davis (3) suggested 
that benzodiazepines were of value in treating bupi- 
vacaine-induced arrhythmias. 

We studied the effects of diazepam on the CVS 
toxicity associated with an arrhythmogenic dose of 
intravenous bupivacaine in rats that were either pre- 
treated with diazepam, or the vehicle in which dia- 
zepam is supplied or not pretreated at all. 


Materials and Methods 


The bupivacaine used was commercial 0.5% Marcaine 
(Winthrop-Breon). The diazepam was commercial 
Valium (5 mg/mL) (Roche) diluted to 0.01% (0.1 
mg/ml) with 0.9% sterile saline for injection. The 
diazepam vehicle was generously provided by Roche 
Laboratories and was diluted in volumes equal to 
diazepam as above. For placebo injections, sterile 
0.9% saline for injection was used. 
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General Preparation 


All animal care and experimental procedures were 
conducted in accordance with American Association 
for the Accreditation of Laboratory Animal Care 
(AAALAC) guidelines. Adult male Sprague-Dawley 
rats weighing 286 + 47 g were used in this investiga- 
tion. 

The following procedure was used for all 126 rats. 
Rats were anesthetized intraperitoneally with chloral 
hydrate (400 mg/kg). After surgical anesthesia had 
been achieved, bilateral femoral artery and unilateral 
femoral vein cannulae (PE-50 tubing) were placed. 
One arterial line served as the sampling site for 
measurement of arterial blood gas tensions (ABGs) 
and drug concentrations, while the other was used 
for continuous “qualitative” (not calibrated to precise 
measurement) arterial blood pressure monitoring. 
The femoral venous cannula was used for the admin- 
istration of drugs. A tracheostomy was then per- 
formed and the trachea intubated with a 14-Ga plastic 
vascular catheter cut to 1 cm in length below the hub. 
Rats were allowed to breathe spontaneously using a 
T-piece technique with 100% oxygen at 300 ml/min. 
Arterial blood pressure and ECG (lead II) were con- 
tinuously recorded using a Tektronix model 412 mon- 
itor and a Gould model 220 brush recorder. Monitor- 
ing extended from a minimum of 5 minutes before 
and 10 minutes after injection of bupivacaine. If 
baseline ABG levels were not within the defined 
parameters or if the ECG was abnormal, the rat was 
replaced in the experimental protocol. 


Electrocardiographic Interpretation 


Electrocardiograms were recorded at a speed of 125 
mm/sec for 10 seconds before bupivacaine injection 
and continued for 20 seconds afterward. Recordings 
for the remaining times during the experiments were 
conducted at a paper speed of 25 mm/sec. Interpre- 
tation of all recordings was based on previously 
published methods (4). Heart rates were measured 
before any pretreatment, immediately before bupiva- 
caine injection, at the slowest rate after injection, and 
at the end of the experiment (10 minutes after bupi- 
vacaine injection). In all cases, 6-second periods were 
used for determination of heart rate. 

Electrocardiograms were evaluated for the follow- 
ing life-threatening or “malignant” arrhythmias 
third degree A-V block, supraventricular tachycardia 
(SVT), and ventricular tachycardia (VT). Of these, 
only VT and SVT were seen. 

Blood samples (0.3 ml) were withdrawn for ABC 
measurements and 0.6-ml blood samples were with- 
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drawn when both ABG and bupivacaine measure- 
ments were made. All Pco,, Po, and pH values were 
determined using a Radiometer model ABL-30 acid- 
base analyzer, which requires only 0.2 ml of blood. 
Serum bupivacaine concentrations were measured by 
gas chromatography (5). All rats had control ABGs 
(on 100% O; via t-piece) measured after the prepara- 
tion described earlier. Acceptable baseline ABG levels 
were defined as Pco, < 55 torr, Po, > 200 torr, and 
BE > —7 mEq/L. 

In the initial 12 rats in groups I and II, ABG and 
serum bupivacaine measurements were made 1 
minute after bupivacaine injection. Because arrhyth- 
mias developed 70 to 100 seconds after bupivacaine 
injection and usually resolved within 3 minutes, 
arterial samples for ABG measurements in all subse- 
quent rats were drawn 1.5, 2, and 3 minutes after 
bupivacaine injection. Subsequently, serum bupiva- 
caine concentrations were measured in rats in groups 
I and II at the end of bupivacaine injection, i.e., as 
close to the “peak” levels as possible. 

In all experiments, bupivacaine and a 0.25-ml 
saline flush were completed in <10 seconds. As 
noted earlier because of alterations in ABG sampling, 
groups I and II contain 12 more rats than groups III 
and IV. Group I (n = 36) rats served as controls and 
received only IV bupivacaine 2 mg/kg. Group II (n = 
36) rats received IV diazepam 0.2 mg/kg, 5 minutes 
before IV bupivacaine 2 mg/kg. Group III (n = 24) rats 
received an IV diazepam vehicle in a volume equal to 
that given when diazepam was injected 5 minutes 
before IV bupivacaine 2 mg/kg. Group IV (n = 24) rats 
received IV diazepam 0.2 mg/kg, 30 seconds after IV 
bupivacaine 2 mg/kg. Group V (n = 6) rats received 
IV saline in volumes and at the same times as did the 
rats in group II. 

All results are presented as means + sp unless 
otherwise specified. Data were analyzed for normalcy 
of distribution using a Shapiro-Wilk W test to deter- 
mine whether parametric or nonparametric analyses 
were appropriate. ABG data were analyzed by anal- 
ysis of variance, using a one-within, one-between 
design, followed by a Scheffe critical value test for 
multiple comparisons at the P < 0.05 level to allow 
assessment of both intra- and intergroup differences. 
ABG data for group V were analyzed by Student's t 
test for repeated measures. Heart rates were analyzed 
using a one-way analysis of variance followed by the 
appropriate critical value test for multiple compari- 
sons. The frequency of arrhythmias was evaluated 
using a test for significant differences between pro- 
portions or a Fisher's exact test where appropriate. 
Correlation of heart rate and ABG with malignant 
arrhythmias was determined using multiple linear 
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Figure 1. Representative example of severe axis deviation and 
conduction changes that occurred immediately after injection of 
bupivacaine. The upper tracing is arterial pressure and the lower 
tracing is ECG lead II. 


regression. Bupivacaine concentrations in control and 
diazepam pretreated rats were compared using a 
Student's t test for independent means. In all cases, a 
P value of <0.05 was considered the minimum level 
of statistical significance. 


Results 


The pH of the study solutions were the following: 
normal saline, 6.287 + 0.096; 0.5% bupivacaine, 5.899 
+ 0.068; 0.01% diazepam, 5.700 + 0.011; and 0.01% 
diazepam vehicle, 5.563 + 0.100. No significant dif- 
ferences in serum bupivacaine concentrations were 
found between the control and diazepam pretreat- 
ment groups either at the end of injection or at 1 
minute postinjection. Serum bupivacaine concentra- 
tions for the control and diazepam groups at the end 
of injection were 38.9 + 17.3 and 40.4 + 22.2 ug/ml, 
respectively. By 1 minute after injection, the bupiva- 
caine concentrations had fallen to 1.84 + 0.88 ug/ml 
in the control rats and to 2.04 + 0.68 ug/ml in 
the diazepam-pretreated rats. There were no changes 
in sham rats (group V) in any of the variables mea- 
sured. 


Arrhythmias 


Severe axis deviations occurred in all 120 rats within 
10 seconds after the bupivacaine injection. Figure 1 is 
representative of such changes. Malignant arrhyth- 
mias occurred in 6 of 36 control rats, 15 of 36 of the 
diazepam-pretreated rats, 3 of 24 of the rats pretrea- 
ted with vehicle, and 3 of 24 of the rats given 
diazepam 30 seconds after bupivacaine injection. The 
frequency of arrhythmias in the diazepam pretreat- 
ment group was significantly greater than that in 
control rats, the vehicle group, and the diazepam 


Figure 2. Representative example of Type I second degree A-V 
block with intraventricular conduction block that appears to be 
rate-dependent, The upper tracing is arterial pressure and the 
lower tracing is ECG lead II. 
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Figure 3. Representative example of episodic ventricular tachy- 
cardia after administration of bupivacaine. The upper tracing is 
arterial pressure and the lower tracing is ECG lead Il. 


after bupivacaine group. Figure 2 demonstrates 
Wenckebach 2° A-V block with severe intraventricu- 
lar conduction changes. The arterial blood pressure 
tracing aids in differentiating this from ventricular 
tachycardia (Fig. 3). 

Heart rates were significantly higher in rats pre- 
treated with diazepam (group II) (405 + 29) than in 
either the control group (group I) (384 + 51) or the 
vehicle group (group III) (372 + 43) immediately 
before injection of bupivacaine. Diazepam pretreat- 
ment resulted in a significant increase in heart rate 
from 385 + 39 beats/min before diazepam to 405 + 29 
immediately before bupivacaine injection. The mini- 
mum heart rates after injection of bupivacaine were 
significantly lower in both the diazepam (124 + 40 
beats/min) and vehicle (117 + 31) groups when com- 
pared with the control group (171 + 44). At the end of 
the experiment, heart rates, 318 + 53 in the control 
group, 304 + 92 in the diazepam group, and 302 + 56 
in the vehicle group were not significantly different. 

No significant differences in pH, Pco, and base 
excess (acid-base status) were found in any of the 
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Table 1. Arterial Blood Gas Tensions 1 Minute after Bupivacaine Injection* 
a Sr a haa y a E 


pH 


Before injection 
Controls (group 1) 
Diazepam (group II) 

1 Minute after injection 
Control (group 1) 
Diazepam (group II) 


7.319 (0.021) 
7.320 (0.027) 


7.181 (0.030) 
7.143 (0.04)t 


Pco, Po, Base excess 
(mm Hg) (mm Hg) (mEq/L) 
46.8 (5.7) 358 (130) —2.5 (2.0) 
43.8 (7.8) 352 (81) —3.7 (2.9) 
74.5 (9.5) 300 (136) —3.5 (2.3) 
77.5 (9.5) 262 (95) —5.7 (2.1)t 


 — Oreo 


“Mean (sp), n = 12 in each group. 
tP < 0.025 when compared to control group 1 minute after injection. 
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Figure 4. Changes in arterial pH after injection of bupivacaine. 


groups before the injection of bupivacaine. One 
minute after injection of bupivacaine, significant dif- 
ferences were detected in pH and base excess in the 
initial 12 rats in groups I and II. These data are 
summarized in Table 1. 

Base excess, pH, and Po, decreased significantly 
and Pco, increased significantly above levels before 
injection of bupivacaine at all subsequent sampling 
times in all groups. No Po, value was <100 mm Hg in 
any ABG sample. 

At 1.5 and 2 minutes after injection of bupivacaine, 
the pH was significantly lower in the groups pretrea- 
ted with either diazepam or vehicle than in the control 
group. pH in the diazepam pretreated group was 
significantly lower than in the rats given diazepam 
after bupivacaine. At 3 minutes, pH for the control 
group was significantly higher than in the other three 
groups. These results are summarized in Figure 4. 

Two minutes after injection of bupivacaine, the 
Pco, was significantly higher in the vehicle group 
than in the other groups. At 3 minutes, Pco, in the 
control group was significantly lower than that in the 
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Figure 5. Changes in arterial Pco, after injection of bupivacaine. 


other three groups. Values in the vehicle group were 
significantly higher than in either diazepam group 
(Fig. 5). 

The Po, values in control group and in the group 
given diazepam after injection of bupivacaine were 
significantly lower than those in the group given 
diazepam before injection of bupivacaine and the 
group given diazepam vehicle for the control ABG. 
At 1.5, 2, and 3 minutes after injection of bupiva- 
caine, the Po, in the groups pretreated with diaze- 
pam or vehicle was significantly higher than in the 
control rats. Po in the vehicle group was also signif- 
icantly higher than in rats given diazepam after 
bupivacaine injection (Fig. 6). 

At 1.5 and 2 minutes after bupivacaine injection, 
base excess was significantly less in the group pre- 
treated with diazepam than in all other groups. Base 
excess in the vehicle group was significantly lower 
than in either the control or in the rats given diaze- 
pam after injection of bupivacaine. At 3 minutes, base 
excess in the control group was significantly higher 
than in the other three groups (Fig. 7). 
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Figure 6. Changes in arterial Po, after injection of bupivacaine. 


Discussion 


Contrary to previously published reports, a signifi- 
cant increase in bupivacaine-induced malignant 
arrhythmias was observed in rats pretreated with 
diazepam. The dose of diazepam (0.2 mg/kg) was 
chosen to approximate a human premedication dose 
and was lower than that used by deJong et al. (2 
mg/kg) (1-3). It is possible that benzodiazepines exert 
a biphasic cardiovascular influence; a dose-response 
curve is needed to further elucidate the reasons for 
this apparent difference in experimental results. 

The anesthetic selected (chloral hydrate) is known 
to produce minimal changes in CNS activity (6). The 
dose of bupivacaine (2 mg/kg) used in the present 
study was chosen because pilot studies in our labo- 
ratories demonstrated that this dose produced severe 
but reversible changes in cardiac conduction and 
rhythm (Gregg et al., unpublished results). Arterial 
bupivacaine concentrations at the end of injection of 
bupivacaine were in the range of those reported to be 
associated with bupivacaine cardiotoxicity in other 
animal models (7,8). One minute after injection, the 
serum bupivacaine concentrations had decreased to 
levels below those associated with cardiac arrhyth- 
mias (9). This decrease is indicative of rapid and 
extensive redistribution to highly perfused organs. 
The bupivacaine concentrations both at the end of 
injection and at 1 minute after bupivacaine injection 
were not significantly different in the control and in 
the diazepam-pretreated rats demonstrating that dia- 
zepam does not influence the rapid distribution 
phase of bupivacaine. This is in agreement with a 
previous report in monkeys (10). 
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Figure 7. Changes in arterial base excess after injection of bupi- 
vacaine. 


Because many animals showed evidence of respi- 
ratory depression and ECG changes more than 1 
minute after bupivacaine injection, a longer period of 
sampling for ABG measurements was instituted to 
examine the trend in acid-base status until the ani- 
mals recovered. Bupivacaine injections resulted in 
both a metabolic and respiratory acidosis during the 
3 minutes following injection of bupivacaine. The 
changes were not due to the volume, pH, or rate of 
bupivacaine injections themselves, because no alter- 
ations in acid-base status were noted in the sham 
group and the pH levels of the injectates were not 
particularly low. Although there were some signifi- 
cant intergroup differences in Po, values, no group 
or single rat developed arterial hypoxia, thus ruling 
this out as a cause of the arrhythmias. Even though a 
mixed acidosis persisted 3 minutes after bupivacaine 
injection, most of the malignant arrhythmias had 
resolved and ECG traces were returning to their 
preinjection appearance by this time. The most se- 
vere metabolic acidosis occurred in the diazepam and 
vehicle pretreatment groups. However, there was 
not an increase in the frequency of malignant 
arrhythmias in the vehicle group when compared to 
the control group, suggesting that acidosis alone was 
not responsible for the occurrence of malignant 
arrhythmias. These observations are consistent with 
those reported in the dog (11) and in the guinea pig 
(12), but stand in contrast to results reported in sheep 
(8). Kasten and Martin (11) recently reported that 
sheep appear to be uniquely more sensitive to the 
cardiotoxic effects of bupivacaine than any of the 
numerous other animal models used for such studies. 
The interaction between acidosis and diazepam can- 
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not be unequivocally eliminated by the present re 
sults. This possibility does, however, seem unlikdlz 
because no significant correlation(s) between heert 
rates, ABG changes, and malignant arrhythmias was 
detected.. 

The severe axis deviations that developed almcst 
immediately after bupivacaine injection are consis 
tent with early ECG changes reported with cardiotae 
ic doses of bupivacaine in the dog (13). The occu 
rence of multiple episodes of Wenckebach rhythms, 
as well as the rhythm disturbances similar to torsad>3 
de pointes, are also consistent with bupivacaine car 
diotoxicity in the dog (13). Figure 2 demonstrates the 
rate-dependent intraventricular conduction delay 
that increases with each QRS complex until atrioven- 
tricular conduction is blocked. In almost all cas23 
where it occurred, ventricular tachycardia occurred at 
the end of such a sequence, supporting the “r= 
entry” hypothesis suggested by Kasten (13). 

The 2.5-fold increase in frequency of malignani 
arrhythmias in rats pretreated with diazepam suggest 
that diazepam offers no protection from bupivacaine 
cardiotoxicity and, in fact, worsens the toxicity in the 
present model. The absence of differences between 
results in rats given diazepam after injection of buri- 
vacaine and results in control groups may indicate 
the lack of sufficient time for diazepam to occupy 
receptors and therefore diazepam did not influence 
the toxicity. These data are in disagreement wir 
earlier studies which suggest that diazepam reduces 
ventricular arrhythmias associated with bupivacaine 
(1-3). This conflict in results may be due to differ- 
ences 1) between the animal models, 2) in the dosage 
used to produce toxic responses with bupivacaine, o- 
3) in the evaluation of cardiotoxicity. 

The present results raise several interesting ques- 
tions concerning the use of diazepam as a routire 
premedicant for regional anesthesia. More studies 
designed to address the mechanism of the interacticr- 
between diazepam and bupivacaine (i.e., central or 
peripheral), as well as whether this interaction is 
limited to diazepam or whether such interactions 
exist for benzodiazepines in general, are needed tc 
fully assess whether we should change our views cr. 
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the use of benzodiazepines preceding or in conjunc- 
tion with regional anesthesia. 
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The effects of fentanyl, both alone and in combination with 
pancuronium bromide or succinylcholine, on atrioventricu- 
lar (AV) node and ventricular conduction times and refrac- 
tory periods were studied. Twenty-four pentobarbital- 
anesthetized dogs were instrumented both with an 
intraaortic catheter to measure cardiac conduction times 
and, through a thoracotomy, with atrial and ventricular 
epicardial pacing electrodes to provide premature stimula- 
tion that would allow measurement of atrial and ventricular 
refractoriness. Fentanyl prolonged the RR interval in both 
low- (100 pg/kg) and high-dose (400 pg/kg) groups by 26 
and 45%, respectively, and prolonged AV node conduction 
time by 28 and 25%, respectively. During atrial pacing at 
a rate sufficient to capture the atria, AV node conduction 
time lengthened in the low- and high-dose groups by 27 and 
25%, respectively. Fentanyl also significantly lengthened 


AV node effective and functional refractory periods and 
ventricular effective refractory periods in both groups. 
Pancuronium (0.1 mg/kg) administered after fentanyl 
shortened RR intervals in the low- and high-dose groups by 
14 and 22%, respectively, and shortened AV conduction 
times by 18 and 20%, respectively, but did not restore all 
values to baseline. Pancuronium significantly shortened 
AV node refractory periods in the low-dose but not the 
high-dose group. When administered after fentanyl, suc- 
cinylcholine (2 mg/kg) significantly shortened the RR in- 
terval in the low- and high-dose groups by 14 and 12%, 
respectively. Succinylcholine shortened AV node conduc- 
tion slightly but without significance and had no effect on 
cardiac refractoriness. His-Purkinje conduction remained 
unaffected by any drug intervention. These data demon- 
strate that fentanyl depresses cardiac conduction; subse- 
queut administration of pancuronium and succinylcholine 
partially reverses this effect. 


Key Words: ANESTHETICS, inrraveNous— 
fentanyl. HEART—electrophysiology. 
NEUROMUSCULAR RELAXANTS—pancuronium, 
succinylcholine. 





The combination of fentanyl, oxygen, and neuromu- 
scular relaxants is a popular anesthetic technique for 
patients undergoing cardiac surgery. The vagotonic 
effect of fentanyl and the direct or indirect vagal 
effects of succinylcholine (1) cause deceleration of the 
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heart. Pancuronium bromide, in addition to main- 
taining or increasing baseline heart rate in combina- 
tion with fentanyl (2), also enhances atrioventricular 
(AV) node conduction (3). However, the effects of 
fentanyl and combinations of fentanyl and pancuro- 
nium or succinylcholine on AV node conduction and 
cardiac refractory periods remain undefined. The 
vagotonic effects of fentanyl may theoretically slow 
AV node conduction and prolong AV node refracto- 
riness, and thus attenuating the enhancement of 
conduction by pancuronium. The combination of 
fentanyl and succinylcholine should result in reduc- 
tion of heart rate. Using His bundle studies and the 
premature stimulus technique, we investigated the 
effects of fentanyl and combinations of fentanyl and 
pancuronium or succinylcholine on cardiac conduc- 
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tion and refractoriness in pentobarbital-anesthetized 
dogs in a protocol simulating the induction sequence 
so often used in cardiac anesthesia. 


Materials and Methods 


Twenty-four mongrel dogs (13.5 to 27.0 kg) of either 
sex were anesthetized with an IV bolus of sodium 
pentobarbital (30 mg/kg) and intubated and venti- 
lated with a Harvard 607 (TM) ventilator. No addi- 
tional anesthetic was administered before fentanyl. 
After performing a right thoracotomy and pericar- 
diotomy, we sutured epicardial atrial and ventricular 
pacing electrodes to the high right atrium and ante- 
rior surface of the right ventricle. A 6F tripolar His 
bundle catheter (USCI) was inserted through a left 
femoral cutdown and passed retrogradely into the 
ascending aorta and positioned during continuous 
monitoring with an ECG-His amplifier on an Elec- 
tronics for Medicine VR-6 recorder until a stable His 
bundle electrogram was obtained. Positioning of the 
catheter in the area near the noncoronary cusp of the 
aortic root yields a stable His bundle and cardiac 
electrogram. In dogs, comparison of His bundle elec- 
trograms recorded from the aortic root and from a 
Hoffman-type plaque electrode sutured near the AV 
node and His bundle reveals virtually identical mea- 
surements (4). This technique also prevents confu- 
sion of an early right bundle potential with the His 
bundle potential. 

For hemodynamic monitoring, we inserted a pul- 
monary artery catheter (primarily for volume mea- 
surements) percutaneously into the right external 
jugular vein and an arterial cannula into the right 
femoral artery through a right femoral cutdown. A 
Medtronics 5325 (TM) programmable stimulator de- 
livering square wave impulses of 1.8-msec duration 
provided cardiac pacing and the VR-6 recorded data 
on photographic paper at 100 mm/sec paper speed. A 
lead II ECG was obtained and hemodynamic data 
were recorded on a Grass 7E polygraph. Temperature 
was maintained above 36°C with external heating 
pads. Serum potassium levels were maintained above 
3.5 mEq/L with intravenous supplementation. Arte- 
rial Po, was maintained above 70 mm Hg and arterial 
pH and Pco, remained in the normal range with 
adequate ventilation and bicarbonate as required. 
Approximately 90 minutes elapsed from the time of 
anesthetic induction to completion of instrumenta- 
tion before baseline studies. 

At baseline and at each subsequent study period, 
we measured the following electrophysiologic data: 
spontaneous heart rate (RR interval); paced (PAH) 
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and unpaced atrial-His (AH) intervals; unpaced His- 
ventricle (HV) interval; atrioventricular node effective 
(AVERP) and functional (AVFRP) refractory periods; 
and retrograde ventricular effective refractory periods 
(VERP). The AH interval was measured from the 
beginning of atrial activity from the intraaortic cath- 
eter to the beginning of the His bundle potential. The 
HV interval was measured from the beginning of the 
His bundle potential to the earliest point of ventricu- 
lar activation from the intraaortic catheter. 

The basic cycle length for atrial and ventricular 
pacing was slightly shorter than the spontaneous 
cycle length and varied among dogs. However, we 
maintained the basic cycle length for pacing in each 
dog during refractory period measurement despite 
changes in the spontaneous cycle length. Refractory 
period determinations involved introducing increas- 
ingly premature stimuli after every eighth paced beat 
at a current twice that of the diastolic threshold. The 
current in milliamps remained unchanged after pac- 
ing threshold determinations for each refractory pe- 
riod measurement. As defined by Josephson and 
Seides (5), the AVERP represents the longest interval 
between the paced atrial impulse (A,) and the pre- 
mature atrial impulse (A,) that fails to conduct to the 
His bundle; the AVFRP is the shortest interval be- 
tween the paced His impulse (H,) and the premature 
His impulse (H3) in response to any A,—A, interval; 
the VERP corresponds to the longest interval be- 
tween the paced ventricular stimulus and the prema- 
ture ventricular stimulus that fails to capture the 
ventricle. 

After baseline measurements, and approximately 2 
hours after the pentobarbital, we divided the 24 dogs 
into two groups of 12, each receiving either 100 ug/kg 
(low dose) or 400 ug/kg (high dose) of fentanyl. (We 
thank Janssen Pharmaceutica, Piscataway, New Jer- 
sey for supplying fentanyl.) Intermittent infusion of 
Ringer’s lactate solution maintained systolic blood 
pressure >100 mm Hg in both groups. After repeat- 
ing data collection 5 minutes after fentanyl adminis- 
tration, each group was further subdivided into dogs 
given either IV pancuronium bromide 0.1 mg/kg (six 
dogs from the low-dose group and seven dogs from 
the high-dose group) or IV succinylcholine 2 mg/kg 
(six dogs from the low-dose group and five dogs from 
the high-dose group). Final studies were performed 5 
minutes after injection of the neuromuscular relax- 
ant, the entire data collection period lasting approxi- 
mately 30 minutes (baseline to final study). 

Using an SAS statistical program on a VAX 730 
computer, we analyzed data by analysis of variance 
of repeated measures with P < 0.05 considered 
indicative of statistical significance. F-tests verified 
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Figure 1. Intraaortic electrograms at 100 mm/sec paper s eed from 
og at (A), baseline (B) after 100 wg/kg fentanyl, and (C) after 
fentanyl and 0.1 mg/kg pancuronium. 


that the variances were equal and that groups were 
not different before each drug intervention. The pro- 
tocol was approved by the institutional Animal Care 
and Use Committee. 


Results 
Heart Rate and Conduction Times (Fig. 1 and 2) 


Fentanyl (Table 1) 100 ug/kg significantly prolonged 
RR, AH, and PAH intervals by 26, 27, and 46%, 
respectively, above baseline levels. Fentanyl 400 
ugikg prolonged RR, AH, and PAH intervals by 45, 
25 and 41%, respectively. Unpaced His-ventricle con- 
duction did not change in either group. Pancuronium 


Figure 2. RR intervals at baseline (B), after fentanyl 
(F), and after pancuronium (P) or succinylcholine (S) in 
dogs given low (LD) and high doses (HD) of fentanyl. 
*P < 0.05 compared to baseline. tP < 0.05 compared to 
preceding value. 
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(Table 2) significantly shortened RR, AH, and PAH 
intervals after fentanyl by 14, 18, and 32% in the 
low-dose group and 22, 20, and 26% in the high-dose 
group, respectively, but did not return these values 
to baseline. Succinylcholine (Table 3) significantly 
shortened the RR interval after low-dose and high- 
dose fentanyl by 14 and 12%, respectively (Fig. 2). 
Unpaced His-ventricle intervals were not affected by 
either pancuronium or succinylcholine. There was no 
significant difference in data between high-dose and 
low-dose groups at baseline or after drug administra- 
tion. 


Refractoriness 


Fentanyl (Table 1) significantly prolonged AVERP 
and AVERP in the low-dose group by 32 and 14%, 
respectively, and in the high-dose group by 35 and 
17%, respectively. Retrograde ventricular effective 
refractory periods were significantly prolonged by 
fentanyl in both groups. High-dose fentanyl in- 
creased VERP more than did low-dose (P = 0.02). 
Pancuronium (Table 2) significantly shortened 
AVERP by 27%, and AVFRP by 13% in the low-dose 
but not in the high-dose group. Pancuronium short- 
ened VERP only in the high-dose group compared to 
postfentanyl (P = 0.05). Succinylcholine (Table 3) had 
little effect on refractory periods, significantly short- 
ening only AVFRP in the low-dose group (P = 0.05). 


Discussion 


We designed this study 1) to examine the effects of 
high-dose fentanyl on AV node conduction and atrial 
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Table 1. Electrophysiologic Data (Mean + sem) Before and After Low (Group 1, n = 12) and High Doses 


(Group 2, n = 12) of Fentanyl 


Fentanyl Baseline 


After fentanyl 


Interval dose (msec) (msec) % Change P Value 
RR Low 435 + 13.0 552 + 26.9 +26 


High 436 + 13.0 
AH Low 69.0 + 2.3 
High 72.0 + 2.3 
PAH Low 73.0 + 3.0 
High 72.0 + 3.0 
HV Low 22.8 + 0.9 
High 23.0 + 0.5 
AVERP Low 165 + 4.0 
High 179 + 5.0 
AVFRP Low 238 + 6.0 
High 253 + 7.0 
VERP Low 151 + 4.0 
High 153 + 4.0 


<0.01 
635 + 44.0 +45 <0,01 
88.2 + 3.0 +27 <0.01 
90.0 + 4.0 +25 <0.01 
107 + 9.6 +46 <0.01 
102 + 5.0 +41 <0.01 
23.9) 1.3 — 0.39 
23,1 1.3 -o 0.57 
218 + 14.0 +30 0.01 
242 + 2.8 +35 0.03 
273 £ 11.0 +14 0.01 
298 + 24.0 +17 0.03 
155 + 2.2 +2 0.01 
163 + 0.9 +6 0.01 


Abbreviations; RR, RR interval; AH, atrial-HIS interval: PAH, paced atriel-HIS interval; HV, HIS-ventricular interval; AVERP, AV nodal effective refractory 
period; AVFRP, AV node functional refractory period; VERP, retrograde ventricular effective refractory period. 


Table 2. Electrophysiologic Data (Mean + sem) After Fentanyl and Pancuronium in Dogs Given High (n = 6) 


and Low Doses of Fentanyl (n = 7) 


Fentanyl Baseline 

Interval dose (msec) 
RR* Low 446 + 28.5 
High 419 + 24.9 

AH Low 70 + 3.3 
High 73: +533 

PAH Low Tat 25 
High 72 4 85 

HV Low 24 £1.2 
High 22 + 0.8 

AVERP Low 170 + 7.3 
High 185 + 10.6 
AVFRP Low 243 + 11.1 
High 258 + 17.6 
VERP Low 155 + 14.9 


After fentanyl After pancuronium 


(msec) (msec) 
570 + 42.1 497 + 41.8t 
637 + 70,5 520 + 38.1§ 

92 + 3.14 75 + 2.8t 
95 + 5.6t 76 + 5.4} 
122 + 16.2§ 83 + 5.1§ 
108 + 8.5t 80 + 9.8t 
25: 22:2 26 + 2.2 

22 + 0.8 22 = 0.8 

250 + 22.6t 183 + 13.8f 
277 + 43.8 216 + 19.3 
293 + 19.1§ 255 + 16.0§ 
330 + 35.4§ 271 + 22.6 
159 + 15.5§ 157 + 16.0 


High 148 + 3.6 160 + 4.2§ 154 + 4.0§ 
“Abbreviations as in Table 1. 


tP < 0.001. 
tP < 0.01. 
§P < 0.05. All comparisons involve preceding values. 


and ventricular refractoriness and, 2) to investigate 
the cumulative effects of large doses of fentanyl and 
subsequently administered neuromuscular blocking 
agent, both given according to anesthetic induction 
procedures widely used in cardiac surgical patients 
Although pentobarbital represented the only vari- 
able with no control in the present study, its levels 
should have declined significantly over the 1.5- to 
2-hour interval between barbiturate administration 
and initiation of baseline measurements. Cox (6) 
demonstrated that hemodynamic parameters re- 
turned to normal within 15 minutes after 30 mg/kg of 
pentobarbital in dogs, although the heart rate re- 
mained elevated for up to 60 minutes. The rapid 


sequence of experimental events—fentanyl adminis- 
tration, data collection, administration of either pan- 
curonium or succinylcholine, and then final data 
collection—generally took less than 25 minutes, and 
simulated clinical induction of anesthesia. The se- 
quence should have minimized any effect of decreas- 
ing barbiturate levels during the data-recording pe- 
riod; however, this effect cannot be ruled out. 

We have demonstrated that 100 and 400 pg/kg 
fentanyl significantly slow the heart rate and prolong 
the AH interval in dogs. The fentanyl-induced reduc- 
tion in sinus node rate observed by others in both 
animal and human studies (2,7) is probably mediated 
by central vagal stimulation (8). Liu et al. (7) demon- 
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Table 3. Electrophysiologic Data (Mean + sem) After Fentanyl and Succinylcholine 
in Dogs Given High (n = 6) and Low Doses of Fentanyl (n = 5) 


After fentanyl After succinylcholine 


(msec) (msec) 
535 + 36.0t 469 + 30.5t 
633 + 49.4t 565 + 65.5f 

84 + 5.0} 74+ 4.6 
85 + 4.7+ 77 + 2.0 
92 + 7.6§ 84 + 6.2 
93 + 6.2§ 82 + 6.4 
21 £12 20 + 1.3 
25+ 1.8 25 = 13 
185 + 4.5§ 182 + 4.4 
193 + 16.7 181 + 13.2 
252 + 4.4 246 + 4.9t 
254 + 15.0 258 + 13.6 
152 + 5.1f 153 + 4.8 
167 + 10.2 168 + 10.0 


mn ——————— 


Fentanyl Baseline 
Interval group (msec) 
RR* Low 421 + 21.0 
High 461 + 36.5 
AH Low 67 + 4.9 
High 70 + 5.4 
PAH Low 74 + 9.3 
High 71 + 9.6 
HV Low ZF OF 
High 24+ 1.2 
AVERP Low 161 + 6.0 
High 168 + 8.6 
AVFRP Low 234 + 8.2 
High 244 + 10.3 
VERP Low 148 + 5.8 
High 159 + 9.9 
"Abbreviations as in Table 1. 
tP < 0.01. 
< 0.05. 


§P = 0.06. All comparisons involve preceding values. 


strated significant declines in heart rate in dogs 
giving 50 ug/kg fentanyl, with even greater signifi- 
cant reductions occurring after 500 ug/kg. Dogs re- 
quire higher doses for surgical anesthesia because of 
species variability (9). 

We also observed that the PAH interval lengthens 
considerably more than does the spontaneous AH 
interval in response to fentanyl, despite no difference 
in PAH and AH intervals at baseline (Table 1). This 
greater slowing during pacing at shorter cycle lengths 
after fentanyl indicates significant depression of AV 
node conduction. Fentanyl may aggravate cardiac 
conduction defects in patients, especially those occur- 
ring in the AV node. Latson and Lappas (10) reported 
a case of transient second degree AV block occurring 
after a patient with preexisting first-degree AV block 
received 1.5 mg of fentanyl. Sufentanil may also 
cause cardiac conduction problems, including AV 
node block (11), bradycardia (11,12), and asystole 
(12). 

Our data following pancuronium administration 
demonstrate the ability of this muscle relaxant to 
partially attenuate the fentanyl-induced slowing of 
the sinus rate and AV node conduction. Geha et al. 
(3) reported similar results, demonstrating a de- 
creased AH interval when halothane-anesthetized 
dogs received pancuronium. The increased heart rate 
and possibly the enhancement of AV node conduc- 
tion may have occurred secondary to either a vagoly- 
tic (13) or a sympathomimetic effect (14). Roizen et al. 
(15) demonstrated that humans responded to pancu- 
ronium by increasing heart rate and blood pressure 
and by reducing sympathetic tone through barore- 
ceptor stimulation, resulting in decreased plasma 


norepinephrine levels. Prior administration of atro- 
pine eliminated or reduced these effects of pancuro- 
nium, suggesting primary vagolysis. Unexpectedly, 
in the present study succinylcholine had similar ef- 
fects of increasing heart rate (shortening the RR 
interval, Fig. 2) and decreasing the AH interval when 
administered after fentanyl. The generalized auto- 
nomic stimulation occurring after succinylcholine ad- 
ministration may account for this effect. Galindo and 
Davis (16) studied the effects of succinylcholine on 
cardiac excitability thresholds and hemodynamics 
before and after bilateral vagectomies and sympa- 
thectomy (total spinal anesthesia) in 20 rhesus ma- 
casus monkeys. Their series of experiments showed 
the presence of both parasympathomimetic and sym- 
pathomimetic effects with succinylcholine. In a state 
in which vagotonia is already prominent (after fen- 
tanyl), the sympathomimetic effects will likely be- 
come more evident (17). We cannot rule out an 
exaggerated response by fentanyl in these lightly 
anesthetized dogs with possibly enhanced sympa- 
thetic tone at baseline, although our baseline mean 
arterial blood pressure before fentanyl was normal 
(96.3 + 2.8, n = 24). HV conduction times remained 
unaffected by fentanyl, pancuronium, or succinyl- 
choline. This is in contrast to halothane, which ap- 
pears to prolong HV conduction (18). 

The refractory periods of the AV node and ventri- 
cle were significantly prolonged by both 100 and 400 
uglkg fentanyl. Although the higher dose generally 
caused more prolongation than did the low dose, it 
was statistically significant only for VERP. Despite 
the ability of halothane, like fentanyl, to prolong AH 
intervals (18), Turner et al. (19) found that halothane 


20 ANESTH ANALG 
1988;67:15-20 


shortened VERP in dogs during basal barbiturate 
anesthesia. This may represent an important differ- 
ence between the two drugs or may represent differ- 
ences in measurement techniques between their 
studies and ours. They measured refractoriness of the 
ventricular distal conducting system during pacing in 
the area of the His bundle, whereas we measured 
ventricular refractoriness during right ventricular 
pacing. We found that pancuronium significantly 
shortened the refractory period of the AV node only 
in the dogs receiving low-dose fentanyl. Succiny!- 
choline had little effect on refractory periods. 

In summary, low and high doses of fentanyl in 
dogs slow heart rate and AV node conduction and 
prolong AV node and ventricular refractoriness. Pan- 
curonium after fentanyl increases the heart rate and 
AV node conduction, but shortens only AV node 
refractoriness in dogs receiving low-dose fentanyl. 
Succinylcholine increases heart rate after fentanyl 
and increases AV node conduction nonsignificanzly 
without affecting cardiac refractoriness. Both pancu- 
ronium and succinylcholine, when administered after 
large doses of fentanyl in pentobarbital-anesthetized 
dogs, have stimulating effects on heart rate and AV 
node conduction as compared to the depressant 
effects of fentanyl. 
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Age-Dependence of the Dose-Response Curve of Vecuronium in 
Pediatric Patients during Balanced Anesthesia _ 


Olli A. Meretoja, MD, Kari Wirtavuori, MD, and Pertti J. Neuvonen, MD 





MERETOJA OA, WIRTAVUORI K, NEUVONEN PJ. Age 
dependence of the dose-response curve of vecuronium in 
pediatric patients during balanced anesthesia. Anesth 
Analg 1988;67:21-6. 


The effect of age on the log-based cumulative dose-response 
curve of vecuronium was determined in ten age groups of 80 
pediatric patients ranging from neonates to adolescents 
during thiopental-fentanyl-N,O/O, anesthesia. Neuromus- 
cular block was recorded as the evoked thenar electromyo- 
graphic response to train-of-four stimulation of the ulnar 
nerve (2 Hz at 20-second intervals). The dose-response 
curves were parallel to each other in all ten age groups 
studied. In neonates and infants, the EDgs of vecuronium 
was 47 + 11 (sp) pgikg. This was significantly lower than 


the EDgs of 81 +.12 pg/kg in children between 3 and 10 
years of age (P < 0.01). In patients aged 13 years or older, 
the EDg, was 55 + 12 uglkg, which did not differ from the 
neonatal and infant values but was significantly lower than 
the EDos of children between 3 and 10 years of age. The 
results indicate that the dose of vecuronium necessary for 
tracheal intubation is age-dependent. The individual EDgs 
values varied between 22 and 103 pg/kg. This suggests that 
an individually optimal dose of vecuronium can be admin- 
istered to pediatric patients only if neuromuscular block is 
adequately monitored. 


Key Words: NEUROMUSCULAR RELAXANTS— 
vecuronium. ANESTHESIA—pediatric. ` 





Vecuronium is a nondepolarizing neuromuscular 
blocking agent with an intermediate duration of ac- 
tion devoid of cardiovascular side effects (1). In 
adults, there are fairly consistent data on the doses of 
vecuronium required to produce neuromuscular 
blockade (2-7). However, only a few studies have 
been conducted on the dose-response relations of 
vecuronium in pediatric patients (8,9). There are no 
pediatric studies of the dose-response relation of 
vecuronium during balanced anesthesia, and there 
are no data on the dose requirement of vecuronium in 
neonates. The aim of the present investigation was to 
determine the effect of age on the dose-response 
relation of vecuronium in pediatric patients from new- 
borns to adolescents, during balanced anesthesia. 


Methods 


Eighty ASA HI patients, from newborns to adoles- 
cents, who required neuromuscular relaxation for 
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their surgical procedure were studied. The study 
protocol was approved by the Ethical Committee of 
the Children’s Hospital, University of Helsinki. 

The patients were selected for the study on the 
basis of age. Ten groups, each with eight patients, 
were formed: patients <1 month; from 1 to <3 
months; from 3 months to <1 year; from 1 to <2 
years; from 2 to <3 years; from 3 to <5 years; from 5 
to <7 years; from 7 to <10 years; from 10 to <13 
years; and from 13 to <16 years of age. The patient 
characteristics are shown in Table 1. The patients had 
no medications or diseases known to affect neuro- 
muscular function, and neither hepatic, renal or 
cardiovascular disease, nor abnormality of fluid and 
electrolyte balance. 

The special characteristics of the newborns (pa- 
tients <1 month) are shown in Table 2. All of them 
were being operated upon: for clubfoot. The other 
operations in patients <1 year consisted of six endos- 
copies, five tenotomies, three hernial repairs, and 
two minor procedures. In older patients, 21 orthope- 
dic operations, 11 hernial repairs, 9 endoscopic pro- 
cedures, 9 corrections of hypospadia or phimosis, - 
and 6 other surgical procedures were carried out. 

Premedication was prescribed on the basis of din- 
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Table 1. Patient Characteristics 
a 
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Table 2. Characteristics of the Neonates 
a ee Ma a 





Group Age (yr) Weight (kg) BSA (m?) 
Under 1 month 0.05 + .02 3.8+03 02 +04 
1 month to <3 months 0.14 + .04 4.3+12 0.24+ 04 
3 months to <1 yr 0.47 + .12 7.7+0.6 0.36 tŒ 
l yr to <2 yr 1.53 +.34 11.2+18 0.49 + 05 
2 yr to <3 yr 2.32 + .32 136+1.6 0.58 + 0 
3 yr to <5 yr 4.26+ 54 17.44+3.0 0.71+ 06 
5 yr to <7 yr 5.86 + .60 199+3.0 0.82 + 06 
7 yr to <10 yr 8.73 + .80 294+46 1.06+ D8 
10 yr to <13 yr 12.05 +£ 95 420274 1.33+ 31 
13 yr to <16 yr 14.49 + 87 51.6+84 153+ 14 





Abbreviations: BSA, body surface area. Values are expressed as 
means + sp 


ical need. Patients <3 months of age did not receive 
any premedication. Patients aged 3 months to <1 
year had rectal methohexital 15 mg/kg, the patients 
aged 1 to <3 years had flunitrazepam 0.08 mg/kg as 
an oral solution (most often supplemented with rectal 
methohexital), and the patients older than 3 years 
had oral flunitrazepam 0.08 mg/kg (maximum dose 
2.0 mg) as premedication. 

Induction of general anesthesia was carried out in 
every patient, after glycopyrrolate 5 g/kg, with 
fentanyl 3 ug/kg and thiopental 2-4 mg/kg. Ventila- 
tion (nitrous oxide in oxygen 2:1) was controlled 
manually by mask to maintain end-tidal carbon diox- 
ide between 5.0 and 5.5% (Normocap, Datex, Hel- 
sinki, Finland). No volatile inhalation anesthetic was 
used at any time during the study. 

To monitor neuromuscular transmission by elez- 
tromyogram (EMG), stimulating surface electrodes 
were attached over the ulnar nerve near the wrist 
with recording electrodes placed over the adductor 
pollicis muscle in the thenar eminence and on the 
proximal area of the middle finger. The forearm was 
placed in a dorsal splint to immobilize the hand and 
the fingers during the study. The neuromuscular 
monitor (Relaxograph, Datex, Finland) was calibrated 
when the patient was fully asleep and breathing N,O 
in QO», and the evoked electromyographic response to 
the train-of-four series of stimuli (at 2 Hz every 20 
seconds) was recorded. 

Vecuronium (4-16 mg of vecuronium diluted to 
100 ml of 0.9% NaCl) was given in logarithm-based 
cumulative dose fashion. The first dose was 14 ug/kg. 
The precalculated cumulative doses after successive 
increments were at regular intervals on a logarithm:c 
scale (14, 22, 35, 56, and 89 ug/kg, respectively). The 
incremental doses were given when the EMG twitch 
responses had reached an unchanged level after the 
previous increment. The doses were given until 
93-98% neuromuscular block was reached, after 
which tracheal intubation was performed. In some 


Mean value Range 
Gestational age 39.6 weeks 37.7-41.6 weeks 
Birth weight 3530 grams 2970-3850 grams 
Apgar score at 1 and 5 min 9/10 9/9-10/10 
Age at operation 17 days 11-27 days 
Weight at operation 3760 grams 3330-4180 grams 


cases, the last increment was smaller than the precal- 
culated dose, to avoid >98% final neuromuscular 
block. The last increment was determined on the 
basis of individual responses when plotting the dose- 
response curve during the study period. The mean 
values of actual cumulative doses were 14.0, 22.0, 
35.0, 54.2, and 78.6 pg/kg. 

The response of the first twitch of the train-of-four 
series was measured after every incremental dose. 
Individual dose-response curves were created by 
log-probit transformation (10), and the individual 
slope, ED, o, EDs , and EDy; were determined by 
linear regression. Effective dose levels were calcu- 
lated on the basis of both body weight (ug/kg) and 
body surface area (4g/m*). Body surface area was 
calculated using Boyd’s formula (11). 

Analysis of variance (ANOVA), with the Welch 
modification in cases of unequal variances, was em- 
ployed for statistical analysis (BMDP Statistical Soft- 
ware 7D of 1987, Berkeley, California). The Tukey 
studentized range method was used to compare the 
slopes, and the mean ED; and ED,; doses of the ten 
groups with each other; P < 0.05 was considered 
statistically significant. In the present study, a P value 
of 0.05 corresponds to P values of 0.0011 in the t-test, 
because there were ten age groups. Mean values are 
expressed with SEM. 


Results 


When the individual cumulative dose-response 
curves were plotted, 76 patients were given at least 
four doses and 42 patients five doses of vecuronium. 
The last two increments of vecuronium constituted 
55-59% of the total cumulative dose. On average, the 
patients received 4.5 doses of vecuronium, and the 
time from the injection of the first dose to the last 
unchanged twitch height level was 9.6 minutes. The 
mean recording period of infants was 8.4 minutes; 19 
of 24 were given four doses, and only 2 of 24 five 
doses of vecuronium. The mean recording period of 
older patients was 10.1 minutes; 15 of 56 were given 
four doses, and 38 of 56 five doses of vecuronium. 
In all 80 patients, taken together, the first effective 
response in the dose-response curves represented 7.2 
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VECURONIUM DOSE-RESPONSE IN PEDIATRIC PATIENTS 


EDs 

Group (ug/kg) 

Under 1 month 25 +3 
1 month to <3 months 2442 
3 months to <1 yr 27 +2 
lyr to <2 yr 312 
2 yr to <3 yr 41 + 3" 
3 yr to <5 yr 41 + 2* 
5 yr to <7 yr 45 + 3* 
7 yr to <10 yr 44+ 2" 
10 yr to <13 yr 42+ 3* 
13 yr to <16 yr 33 + 2 
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EDgs EDs EDos 
(ug/kg) (ug/m?) (ue/m”) 
4g8+4 420 + 50 800 + 80 
4444 440 + 50 790 + 90 
49 +3 560 + 40 1020 + 60 
57 +5 710 + 60 1320 + 130 
72 + 5* 950 + 70* 1680 + 110* 
80 + 4* 1000 + 40* 1940 + 100* 
82 + 5* 1100 + 100* 1990 + 160* 
81 + 4* 1230 + 70* 2250 + 160* 
71 + 4* 1310 + 80* 2220 + 110* 
55 + 4t 1100 + 80* 1850 + 130* . 


we ee aa 
Values are expressed as means + sEM. *P < 0.05 compared with patients <1 month, <3 months, and <1 yr old. tP < 0.05 compared with patients <5 


yt, <7 yr, and <10 yr old. 


100 

ug/kg 
80 EDos 

60 
20 Mean + SEM 
*P < 0.01 
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‘Figure 1. EDs and EDg, of vecuronium in different age groups of 


pediatric patients under balanced anesthesia. There is a significant 
change in ED values from neonates to adolescents. The EDs and 
EDgs values are highest in children between 2 and 13 years old. 


+ 0.9% neuromuscular block, and the greatest level 
of neuromuscular block achieved averaged 95.6 + 
0.2%. The slopes of the dose-response curves were 
not significantly different between the groups, the 
average slope being 6.7 + 0.1 probit/log. The time 
interval between successive increments of vecuro- 
nium averaged 2.2 minutes, without a significant 
difference between the studied groups. Train-of-four 
ratios decreased more rapidly than did the first 


evoked EMG twitch height, the decrease being fastest — 


in patients between 3 and 10 years old. The train-of- 
four ratio at the time of 50% neuromuscular block was 
42 + 2% in infants and 30 + 1% in children 3 to 10 
years old (P < 0.01). 

When the effective doses were calculated on the 
basis of body weight (ug/kg), it was found that the 
ED,; of vecuronium was significantly less in neonates 
and other infants than in patients >2 but <13 years 
old (Table 3). The ED,; was identical in all patients <1 
year (47 pg/kg), but 73% greater in patients >3 but 
<10 years (P < 0.01) (Fig. 1). The ED,; in patients >13 


<lyr čl3yrs 3-l0yrsa 


Neuromuscular block 
Probits 


Bars indicate SEM 
P < 0.001 





100 ug/kg 
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Figure 2. Dose-response curves of vecuronium in infants under 1 
year of age, in children between 3 and 10 years old, and. in 
adolescents 13 years of age or older. The dose of vecuronium that 
produces a 95% neuromuscular block in infants (EDgs) produces ` 
only about a 50% neuromuscular block in children, but a 90% 
neuromuscular block in adolescents. The curves are drawn by least 
square linear regression analysis of the mean ED49, EDs, and EDgs 
of the groups. 


years was close to the value in infants, but signifi- 
cantly less than the EDg; in children >3 but <10 years 
(Table 3, Fig. 1). 

Figure 2 shows that the dose of vecuronium pro- 
ducing 95% neuromuscular block in patients aged <1 
year (47 ug/kg) produces only a 50% neuromuscular 
block in patients between 3 and 10 years old. A dose 
of 81 pg/kg of vecuronium brings about a 95% neu- 
romuscular block in the latter patients, but it is 1.7 
times the EDgs of infants (Fig. 2). l 

When the effective doses were calculated on the 
basis of body surface area (ug/m?), the EDgs: of 
neonates and infants was significantly less than that 
of all patients 2 years old or older (P < 0.01) (Table 3). 
No side effects attributable to vecuronium were no- 
ticed in any patient. 
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Discussion 


The cumulative logarithm-based incremental dose 
technique was used to plot the individual dose- 
response curves. This was done even though some 
studies have shown that the cumulative technique 
leads to higher ED values of vecuronium than does 
the single-dose technique (3,6,12). However, in these 
studies the dose-response values were extrapolated 
far beyond the measured range (3,6), or the first dose 
in the cumulative-dose series did not produce the 
same level of neuromuscular block as did the same 
dose in the single-dose series (6,12). 

Furthermore, in the cumulative-dose studies cited 
earlier, the first dose of vecuronium was the greatest 
(it constituted on an average >40% of the total 
cumulative dose), the last two doses constituted only 
30% of the total dose, and the duration of the study 
period was between 14 and 18 minutes. This type of 
study design results in marked elimination of the first 
doses before the last measurements. Using the phar- 
macokinetic data on vecuronium (13-15), it can be 
calculated that the plasma concentrations of vecuro- 
nium at the time of last recorded twitch height in the 
cumulative dose studies cited above were lower than 
the plasma concentration that would exist at the time 
of maximum response if the same total dose were 
given as a single dose. Concurrently, the ED values 
were higher with these cumulative-dose techniques 
than with the single-dose technique (3,6,12). 

In the present study, vecuronium was given in 
increments that produced cumulative doses at regu- 
lar intervals on a logarithmic scale (14-22-35-56-89 
g/kg). In this way, the first dose constituted only 
18-24% and the last two doses 55-59% of the total 
dose used, and the time between the first injection of 
vecuronium and the last recorded twitch height value 
averaged 10 minutes. On the basis of available pedi- 
atric pharmacokinetic data on vecuronium (16,17), it 
can be calculated that the plasma concentration of 
vecuronium at the time of our last recording was 
close to the plasma concentration that would exist 4 
minutes after the same total dose had been given as 
one bolus dose. No plasma samples were taken in the 
present study and, hence, these calculations are only 
theoretical. 

Fisher and Miller (9) found that the onset time of 
vecuronium (time from injection to maximum effect) 
averaged 1.5 minutes in infants and 2.4 minutes in 
children 1-8 years old. This relatively short onset 
time is corroborated by our finding that the un- 
changed response of the first evoked EMG twitch 
height was reached in an average of 2.2 minutes. This 


MERETOJA ET AL. 


short time in pediatric patients made it possible to 
create the dose-response curves within <10 minutes 
in the present study. The EMG recording technique 
and anesthesia induction were the same in every 
patient studied, but premedication differed between 
the study groups (see Methods). It is improbable, 
however, that this had an effect on our results, 
because patients over 3 years old had highest ED,;s 
and they were premedicated with flunitrazepam, 
which does not antagonize the effects of neuromus- 
cular blocking agents. Furthermore, every patient 
received barbiturate (methohexital and/or thiopental) 
to induce sleep, followed by fentanyl and nitrous 
oxide in oxygen before the calibration of the neuro- 
muscular monitor. 

Goudsouzian et al. (8) found the ED,; of vecuro- 
nium to be 60 ug/kg and 45 g/kg in children aged 2 
to 9 years and in adolescents aged 10-17 years, 
respectively. The average EDg; values in the present 
study for both age groups were 33% higher, a result 
that can be attributed to the differences in anesthetic 
method (halothane vs. balanced anesthesia) and re- 
cording techniques (tension vs. EMG). Fisher and 
Miller found a tendency of EDs, value of vecuronium 
to be higher in children than in infants or adults (9), 
a finding strongly supported by the present results. 
Because there are no other pediatric dose-response 
studies on vecuronium, no further comparisons can 
be made between the present and other existing 
pediatric data. 

In the adult studies, in which the single-dose 
technique during balanced anesthesia has been used, 
the EDgo of vecuronium has been found to be 40-44 
ug/kg (3,5,6). This is remarkably close to the EDog of 
49 ug/kg of our 13-16-year-old patients, although 
tension measurement has been used in the adult 
studies. Furthermore, Krieg et al. (2) administered a 
single dose of 36 ug/kg of vecuronium to adults under 
balanced anesthesia, and recorded a 72% neuromus- 
cular block with the tension technique. The ED,» of 
our oldest patients is close to this dose, i.e. 39 ug/kg 
(Fig. 2). 

The present investigation shows that the ED,, of 
vecuronium in all patients <1 year of age, including 
the neonates, is of the same magnitude (47 pg/kg). 
The ED,; level is the product of the distribution 
volume of vecuronium and its plasma concentration 
at the time of a 95% neuromuscular block. The muscle 
relaxants are distributed to the extracellular fluid 
volume (13-18). This volume is approximately 44% of 
body weight at birth and approaches the adult value 
of 22% at 1 year of age (19). Therefore, in neonates 
the neuromuscular block is probably reached at a 
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much lower total plasma concentration of vecuro- 
nium than in older infants. Fisher et al. (20) showed 
this to be the case with d-tubocurarine. In addition to 
the immaturity of the neonatal neuromuscular func- 
tion, the low serum protein levels in neonates may 
result in diminished protein binding and increased 


_ free fraction of vecuronium in plasma and, therefore, 


neonates may need lower total plasma concentration 
of vecuronium than do older infants. 

In children between 2 and 13 years of age, the EDgs 
of vecuronium was 65% greater than that in infants 
(77 vs. 47 g/kg). If the protein or tissue binding of 
vecuronium is greater in rapidly growing children 
than in infants, they need higher total plasma con- 
centration of vecuronium to reach the same level of 
neuromuscular block. This may be the reason why, in 
the present study, the EDs, and the EDs; values of 
vecuronium were higher in children than in infants. 
Fisher et al. (16,20) have, indeed, found that the 
steady-state plasma concentration of vecuronium re- 
sulting in a 50% neuromuscular block is higher in 
children than in infants. The smaller ED,, of vecuro- 
nium in infants compared with children explains why a 
constant dose of vecuronium has longer neuromuscular 
blocking effect in infants compared with children (9). 

The ED,,; of vecuronium in adolescents =13 years 
of age was significantly less than the EDg; in children 
between 3 and 10 years old (55 vs. 81 g/kg), but did 
not differ from the EDgs in infants (47 pg/kg). The 
equal EDs in infants and adolescents can be attrib- 
uted to different distribution volumes and plasma 
concentrations, which may counterbalance each 
other (16,20). This means that neonates and infants 
need the same dose of vecuronium (g/kg) as adoles- 
cents to attain the same level of neuromuscular block. 
In contrast, children need a significantly greater dose 
to attain a comparable neuromuscular block. 

When vecuronium is used for tracheal intubation 
in pediatric patients, =90% neuromuscular block is 
riecessary for optimal conditions during balanced 
anesthesia. This means that at least an EDg5 dose has 
to be administered. In the present study, this dose 
varied between 22 and 68 ug/kg in neonates and 
infants, and between 56 and 103 ug/kg in children 
and adolescents. If an initial dose of 100 pg/kg of 
vecuronium is administered to infants, this is 1.5-4.5 
times the EDs calculated in the present study, and 
may result in profound neuromuscular block lasting 
for more than 1 hour. The dose of 100 ug/kg is only 
1.0-1.8 times the EDos in children between 3 and 10 
years old. In these children this dose does not main- 
tain a surgical neuromuscular block for longer than 
15-30 minutes. 
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In clinical situations, a peripheral neurostimulator 
or a more sophisticated EMG- or tension-monitor 
should be used in every pediatric patient given vecu- 
ronium because neuromuscular responses are so 
highly variable among individual patients. 
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Awakening Concentrations of Isoflurane Are Not Affected by 


Analgesic Doses of Morphine 


Jeffrey B. Gross, Mp, and Christian M. Alexander, MD 


GROSS JB, ALEXANDER CM. Awakening concentrations 
of isoflurane are not affected by analgesic doses of 
morphine. Anesth Analg 1988;67:27-30. 


A randomized, double-blind study was performed to deter- 
mine how morphine 0.1 mg/kg IV, or placebo administered 
80 + 11 (X + se) minutes before the end of surgery affect 
recovery from isoflurane/oxygen anesthesia. End-tidal iso- 
flurane remained constant at 1.10 + 0.02% (X + se) in 
both groups intraoperatively, and no other anesthetics were 
given after the administration of the morphine or placebo. 
Duration of anesthesia did not differ significantly between 
the morphine (172 + 7 minutes) and placebo (163 + 18 
minutes) groups. Times from discontinuation of isoflurane 


The alveolar concentration of an anesthetic at the 
time patients are first able to open their eyes in 
response to verbal command during recovery from 
anesthesia is called MAC-awake. During recovery 
from halothane, fluroxene, and methoxyflurane an- 
esthesia, MAC-awake ranges from 0.33 to 0.5 times 
the conventionally determined MAC for these agents 
(1). However, there are no published MAC-awake 
data for isoflurane, despite its increasing popularity. 
We designed the present randomized double-blind 
study to assess MAC-awake during recovery from 
isoflurane anesthesia (with inspired isoflurane con- 
centrations near zero) and to determine if an analge- 
sic dose of morphine significantly affects MAC-awake 
or prolongs emergence from anesthesia. 


Methods 
Fourteen ASA I or II patients, 21 to 59 years old, 
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until eye-opening in response to verbal command were 
similar in the morphine (19 + 2 minutes) and placebo (22 
+ 3 minutes) groups. At the time of eye-opening, end-tidal 
isoflurane concentrations did not differ between subjects 
receiving morphine (0.20 + 0.02%) and placebo (0.18 + 
0.01%). It is concluded that the awakening concentration 
(MAC-awake) during recovery from isoflurane anesthesia is 
approximately 0.19% and is not affected by analgesic doses 
of morphine, 


Key Words: ANALGESICS, narcotic—morphine. 
ANESTHETICS, vo.atite—isoflurane. POTENCY, 
ANESTHETIC—MAC,. POTENCY, ANESTHETIC— 
MAC-awake. 


scheduled for general, orthopedic, or oral surgery, 
consented to participate in this study, which was 
approved by our Human Studies Committee. They 
fasted for at least 8 hours before surgery and received 
no sedative or narcotic premedication (glycopyrro- 
late, which does not cross the blood-brain barrier, 
was administered at the discretion of the attending 
anesthesiologist). For each subject, we inserted an 
intravenous cannula and established ECG and nonin- 
vasive blood pressure monitoring. Then, induction of 
anesthesia and paralysis with thiopental 5 mg/kg and 
succinylcholine 1 mg/kg was followed by tracheal 
intubation. An Allegheny International SARA (R) 
mass spectrometer system, calibrated with laboratory 
standard gases within 1 hour of each study, contin- 
ually measured inspired and end-tidal oxygen, CO3, 
and isoflurane concentrations. For maintenance of 
anesthesia we used isoflurane in oxygen, maintaining 
end-tidal isoflurane concentrations between 1.08 and 
1.12%. Mechanical ventilation (10 breaths/min) kept 
patients’ end-tidal CO, tensions between 23 and 27 
mm Hg. If additional anesthesia was required, we 
administered small doses of thiopental (totaling 1.7 + 
0.3 mg/kg, X + se) or transiently increased the 
isoflurane concentration; however, for at least 1 hour 
before the end of surgery we administered no thio- 
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pental and maintained isoflurane concentrations of 
1.10 + 0.02%. If surgically indicated, we adminis- 
tered nondepolarizing muscle relaxants, completely 
reversing them with neostigmine and glycopyrrolate 
before discontinuing the inhalation anesthesia. Ap- 
proximately 1 hour before the end of surgery, pa- 
tients received either morphine 0.1 mg/kg or an equal 
volume of saline placebo IV in a double-blind fashion. 

When surgery was complete, we discontinued 
isoflurane administration, flushed the circle breath- 
ing system with oxygen, increased O, inflow to 12 
L/min, and continued mechanical ventilation (end- 
tidal CO, tension, 25 + 2 mm Hg), so that morphine- 
induced ventilatory depression would not slow the 
elimination of isoflurane and affect its brain-blood- 
alveolar gradients. To standardize the stimulus for 
awakening, we used an endless-loop tape played 
through occlusive headphones, which instructed pa- 
tients to open their eyes. The tape played for 20 
seconds each minute, to avoid acclimating the pa- 
tients to the aural stimulus. When patients opened 
their eyes, we recorded the end-tidal isoflurane con- 
centration as well as the time elapsed since disconti- 
nuation of isoflurane (wake-up time). We then extu- 
bated the patients as usual and transported them to 
the recovery room. 

To compensate for the known effect of age on 
anesthetic requirements, we computed the ratio of 
MAC-awake to the age-adjusted isoflurane MAC (2) 
for each patient. We determined confidence limits for 
MAC-awake and the MAC-awake:MAC ratio in the 
usual manner. One-way analysis of variance com- 
pared variables between groups; multiple linear re- 
gression determined if the thiopental dose affected 
MAC-awake or wake-up time. P < 0.05 indicated 
statistical significance. 


Results 


Patient ages, duration of isoflurane administration, 
induction and total doses of thiopental, and time 
from administration of morphine or placebo until the 
end of surgery did not differ significantly between 
groups (Table 1). For patients receiving morphine. 
MAC-awake (0.20 + 0.02%, X + se) did not differ 
significantly from that in patients receiving placebo 
(0.18 + 0.01%); the MAC-awake:age-adjusted MAC 
ratio also did not differ between the morphine (0.16 + 
0.02) and placebo (0.15 + 0.01) groups. Pooling the 
data resulted in 95% confidence limits for MAC- 
awake of 0.19 + 0.03%, and for the MAC-awake: 
MAC ratio of 0.15 + 0.02. Time from the discontinua- 
tion of isoflurane until eye-opening (wake-up time) 
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Table 1. Summary of Patient Data 


Placebo Morphine 
No. of patients 7 7 
Age (yr) 34.4 + 4.4 34.9 + 4.2 
Total duration of isoflurane 163 + 18 172 +7 
administration (min) 
Total thiopental dose (mg/kg) 7.1+ 0.4 6.3 + 0.7 
Time from morphine or 51+ 9 80 + 11 


placebo until isoflurane 
wears off (min) 
Wake-up time (min) 21.9 + 3.1 19.4 + 2.4 
MAC-awake (%) 0.18 + 0.01 0.20 + 0.02 
MAC-awake:MAC ratio 0.15 + 0.01 0.16 + 0.02 
Values are means + se. There are no significant differences between the 
groups. 


was no different in the morphine (19 + 2 minutes) 
and placebo (22 + 3 minutes) groups. Neither MAC- 
awake nor wake-up time correlated significantly with 
the total thiopental dose. As determined from the 
mass spectrometer record, end-tidal isoflurane con- 
centrations were declining at a rate of 0.008 + 
0.0001%/min at the time when patients first opened 
their eyes to command. 


Discussion 


With the increasing availability of on-line anesthetic 
gas analysis (mass spectrometer, infrared, crystal 
adsorption, Raman scattering), our ability to quanti- 
tate anesthetic gases during anesthesia is enhanced. 
Knowledge of the concentration of an anesthetic 
associated with eye-opening enables us to time more 
accurately the discontinuation of anesthesia, allowing 
patients to open their eyes as the dressings are 
applied. Ideally, the “awakening concentration” of 
an anesthetic should be determined in the brain. 
Because this is impractical, we can apply techniques 
similar to those used for determination of MAC, 
where end-tidal gas concentrations are used to ap- 
proximate brain partial pressures. 

MAC-awake is the alveolar concentration of anes- 
thetic present when patients can respond to verbal 
command by opening their eyes during emergence 
from anesthesia; it is a maximum concentration, 
because patients will open their eyes when concen- 
trations are equal to or less than MAC-awake. This is 
in contrast to MAC, which is a minimum concentra- 
tion, because patients do not respond to skin incision 
when concentrations are equal to or greater than 
MAC. 

Stoelting, Longnecker, and Eger determined 
MAC-awake in two ways: one of these was a steady 
state method, in which the investigators determined 


AWAKENING CONCENTRATIONS OF ISOFLURANE 


responsiveness to verbal commands after holding 
anesthetic concentrations constant for 15 minutes. 
The other method allowed “spontaneous recovery” 
from anesthesia. “In these patients, the inspired 
anesthetic concentrations were zero, and no attempt 
was made to hold alveolar concentrations constant” 
(1). We chose the latter method because it more 
closely approximates clinical situations, in which pa- 
tients are awakened most quickly by reducing the 
inspired anesthetic concentration to zero, 

Determinations made by the spontaneous recov- 
ery method may underestimate the MAC-awake 
within the brain because alveolar anesthetic tensions 
are necessarily lower than cerebral tensions during 
anesthetic washout (1,3). However, this discrepancy 
is greatest immediately after the anesthetic is dis- 
continued (3) and decreases as the alveolar concen- 
tration curve “flattens out.” In fact, with methoxy- 
flurane, the values of MAC-awake determined by 
the two methods do not differ; because of its high 
blood and tissue solubility, methoxyflurane concen- 
trations decrease slowly throughout the recovery 
from anesthesia (4). By maintaining end-tidal iso- 
flurane concentrations of 1.1% until the end of sur- 
gery, we ensured that awakening would occur at a 
time when isoflurane concentrations were on the flat 
part of the washout curve (v.s.). In fact, previous 
washout data for isoflurane suggest that under the 
conditions of our study, end-tidal isoflurane concen- 
trations underestimated arterial tensions by <0.08% 
(5). 

Nonetheless, our estimate of 0.15 for the MAC- 
awake:MAC ratio is appreciably lower than the value 
of 0.33 reported by Stoelting et al. (1) during sponta- 
neous decreases in the alveolar concentration of ha- 
lothane or fluroxene. There are several possible ex- 
planations for this discrepancy. First, in the previous 
study, patients breathed spontaneously during the 
washout of anesthetics, whereas in our patients ven- 
tilation was controlled. This ensured that end-tidal 
gas was more consistently representative of alveolar 
gas, and eliminated ventilatory pattern as a potential 
source of differences in MAC-awake between the 
morphine and control groups. However, by lowering 
arterial CO, tensions, controlled ventilation may 
have decreased cerebral blood flow, thereby increas- 
ing the brain to alveolar isoflurane tension gradient. 
A second factor is that we obtained end-tidal gas 
samples every 30-60 seconds and recorded MAC- 
awake when patients opened their eyes. At this time, 
end-tidal isoflurane concentrations were decreasing 
by <0.01%/min. Conversely, Stoelting’s group ob- 
tained samples at 3-5 minute intervals, and reported 
MAC-awake as the value “midway between the alve- 
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olar concentration at the initial response and the 
anesthetic concentration of the last sample obtained 
prior to response” (1). They did not report the rate of 
decline of anesthetic concentrations; however, they 
found that under these conditions, differences be- 
tween blood and alveolar anesthetic concentrations 
were small. Additionally, in the Stoelting study, “the 
patient was asked frequently to open his eyes”; the 
intensity and frequency of the wake-up stimulus was 
not specified. In contrast, to ensure consistency, we 
used a standard aural stimulus delivered through 
occlusive headphones; tactile stimulation was not 
permitted. Like Stoelting et al., we required patients 
to open their eyes to command; we did not accept 
involuntary or reflex patient movement as evidence 
of “awakeness.” Finally, unlike Stoelting’s subjects, 
our patients received thiopental for induction of 
anesthesia; although none was administered for at 
least 1 hour before the end of our surgery, residual 
low concentrations of thiopental may have slightly 
decreased our MAC-awake values. 

We designed our study to minimize error intro- 
duced by the time-shared mass spectrometer system. 
Severinghaus’s group documented a 10-90% rise 
time of 0.28 second for halothane with a time-shared 
mass spectrometer system (6) similar to the one we 
used for this study. We have shown (unpublished 
observations) that, provided expiratory times exceed 
2 seconds, end-tidal isoflurane measurements by our 
system are within 3% of their steady state value. 
Because we controlled respiration rate (10 breaths/ 
min; I:E ratio, 1:2), our patients’ expiratory times 
were about 4 seconds; this minimized the error 
caused by “smear” as the sample was transported 
from the airway to the analyzer. 

Why did morphine fail to decrease MAC-awake? 
One possibility is that too much time (80 + 11 
minutes) may have elapsed between morphine ad- 
ministration and MAC-awake determination. How- 
ever, Hug et al. (7) found that respiratory depression 
(as an index of CNS activity) peaks 60-90 min after IV 
morphine. Differences in thiopental doses between 
the groups could have affected the results. Although 
patients in the placebo group received slightly more 
thiopental than did those in the morphine group, this 
difference was not statistically significant, and multi- 
ple regression revealed no evidence of an inverse 
relation between thiopental dose and MAC-awake 
(slope + 0.02, P > 0.10). Furthermore, because we 
gave no thiopental after the morphine or placebo was 
administered, this difference was strictly random: 
i.e., patients in the placebo group did not receive 
additional thiopental to compensate for the absence 
of morphine. By controlling ventilation, we ensured 
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identical anesthetic washout in the placebo and mor- 
phine groups. Had we allowed patients to breathe 
spontaneously, those who received morphine proba- 
bly would have awakened more slowly because of 
morphine’s respiratory depressant effects. Finaily, 
morphine may provide more analgesia than sedation: 
even after 1 mg/kg some patients respond to verbal 
stimuli despite profound analgesia (8). Therefcre, 
morphine might be expected to have less of an effect 
on MAC-awake, which involves response to a verbal 
stimulus, than on MAC, which assesses response to a 
painful stimulus. 

In conclusion, the MAC-awake for isoflurane is 
0.19% (or 0.15 x MAC) during emergence from 
surgical anesthesia under clinical conditions (no in- 
spired isoflurane, controlled ventilation). This figure, 
as well as the time required for patients to “wake up” 
after isoflurane is discontinued, appears to be inde- 
pendent of the administration of analgesic doses of 
morphine (0.1 mg/kg IV) approximately 1 hour before 
the end of surgery. 
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The Anesthetic Contribution of Magnesium Sulfate and Ritodrine 


Hydrochloride in Rats 


Stephen W. Thompson, Mp, Jeffrey C. Moscicki, Ms, and Cosmo A. DiFazio, MD, PhD 


THOMPSON SW, MOSCICKI JC, DiFAZIO CA. The 
anesthetic contribution of magnesium sulfate and ritodrine 
hydrochloride in rats. Anesth Analg 1988;67:31-4. 


The anesthetic effects of the tocolytic agents, magnesium 
sulfate and ritodrine hydrochloride, were investigated by 
determining their effect on the minimal alveolar anesthetic 
concentration (MAC) of halothane in male and in pregnant 
and nonpregnant female rats. Magnesium and ritodrine 
were administered by continuous intravenous infusion to 
mechanically ventilated rats anesthetized with halothane. 
The tail-clamp technique was used to establish the MAC of 
halothane before and then again during the infusion of 
either magnesium or ritodrine. Ritodrine produced no 
change in halothane MAC. Increasing magnesium dosages 
and magnesium plasma levels were associated with nonli- 


near reductions in halothane MAC that were unrelated to 
sex or pregnancy. The alveolar halothane MAC concentra- 
tion in pregnant rats (0.85 + 0.02) was not significantly 
different from the halothane MAC in nonpregnant female or 
male rats. At the highest plasma magnesium concentrations 
(15.8 + 1.57 mg/dl) achieved in the pregnant rats, the 
alveolar halothane MAC was 0.36 + 0.13, a 61.6% 
reduction in MAC. The anesthetic effects of magnesium 
were not attributable to cardiovascular, respiratory, or 
neuromuscular depression. Major decreases in blood pres- 
sure occurred only in the pregnant rats with the highest 
magnesium concentrations. 


Key Words: POTENCY, ANESTHETIC—MAC. 
ANESTHETICS; vo_atiLe—halothane. JONS— 
magnesium. ANESTHESLA—obstetric. 





Magnesium sulfate (MgSO,) is used in obstetrics to 
inhibit premature labor and in the therapy of pre- 
eclampsia—eclampsia. Ritodrine hydrochloride, a syn- 
thetic sympathomimetic amine, is also used to sup- 
press premature labor. Although MgSO, therapy 
results in sedation and ritodrine therapy does not, 
there is conflicting data as to whether magnesium has 
an anesthetic effect. Meltzer and Auer (1) initially 
reported CNS depression with IV MgSO, in rabbits, 
and later Peck and Meltzer (2) employed IV MgSo, as 
the sole “anesthetic” in humans. Aldrete et al. (3) 
concluded, however, that magnesium has no direct 
general anesthetic properties in dogs but produces 
“sleep-like” effects secondary to cardiac depression 
and hypoxia. Somjen et al. (4) were unable to dem- 
onstrate analgesia in humans despite IV MgSO, ad- 
ministration to plasma levels of 15 mEq/L (15 mEq/L 
= 18.2 mg/dl). Alternatively, drugs that affect CNS 
catecholamine levels (methyldopa, reserpine, am- 
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phetamine, cocaine) produce changes in anesthetic 
requirements (5). It is not known whether the sym- 
pathomimetic amine, ritodrine, contributes to anes- 
thesia. This study was undertaken to determine the 
anesthetic effects of MgSO, and ritodrine hydrochlo- 
ride after IV administration in rats and to determine if 
the anesthetic effect was related to either animal sex 


or pregnancy. 


Methods 


Halothane MAC (minimal alveolar concentration) 
and changes in halothane MAC were established as 
previously reported (6). Thirty-four Sprague-Dawley 
rats were classified into three groups: male, female, 
and rats at term pregnancy. The rats were anesthe- 
tized with halothane in oxygen and intubated. Ven- 
tilation was controlled with a Harvard animal respi- 
rator. A femoral artery and vein were cannulated, 
and arterial waveform, as well as the ECG, were 
monitored continuously. Arterial blood gas tensions 
were maintained within physiologic range. Rectal 
temperature was also maintained within physiologic 
range using a blanket and radiant light source. Alve- 
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Table 1. Anesthetic and Physiologic Effects of Varying Mg?* Plasma Levels 


Plasma levels 


n Mg** (mg/dl) 

Group 1 (control) 

9 (P) 1.53 + 0.03 

8 (F) 1.48 + 0.04 

8 (M) 1.41 + 0.08 
Group 2 (2 to 7 mg/dl) 

10 (P) 5.96 + 0.26 

14 (F) 5.18 + 0.27 

3 (M) 4.86 + 0.46 
Group 3 (7 to 11 mg/dl) 

6 (P) 8.15 + 0.22 

3 (F) 7.87 + 0.54 

6 (M) 9.63 + 0.49 
Group 4 (>11 mg/dl) 

5 (P) 15.76 + 1.57 

7 (F) 13.26 + 0.65 

8 (M) 13.59 + 0.81 


Blood 
pressure 

Heart rate (mm Halothane 

(beats/min) Hg) MAC (%) 
348.88 + 17.35 106/81 0.85 + 0.02 
345.00 + 15.00 111/89 0.84 + 0.04 
386.25 + 11.17 119/96 0.84 + 0.03 
298.00 + 9.63* 101/71 0.76 + 0.06 
292.85 + 10.60* 98/72 0.79 + 0.03 
306.66 + 14.53* 105/68 0.85 + 0.07 
303.33 + 17.44 82/55* 0.73 + 0.06 
273.33 + 6.66* 90/57 0.66 + 0.01* 
293.33 + 8.43" 104/70 0.77 + 0.03" 
284.00 + 13.26* 68/40* 0.36 + 0.13" 
261.42 + 9.86" 92/60* 0.47 + 0.05* 
282.85 + 14.75* 104/74 0.57 + 0.10* 





P, F, and M refer to pregnant, female, and male rats, respectively. Means + sem shown. 


“Statistical significance (P < 0.05) shown for anesthetic request. 


olar concentrations of halothane were measured us- 
ing gas liquid chromatography. MAC was established 
using a tail-clamp technique and was considered to 
be the point midway between the highest concentra- 
tion of halothane that produced a positive response 
(somatic motion) and the lowest concentration of 
halothane that produced a negative response. MgSO, 
was administered by slow continuous infusion to 25 
rats (8 male, 8 female, and 9 at term pregnancy) using 
infusion rates of approximately 3.5, 5.0, and 7.0 
mg-kg '-min~' for at least 30 minutes before MAC 
was redetermined. With each MAC determination, 
arterial blood gas tensions (Corning 178), plasma 
Mg** (Technicon RA 1000) and CA** (Nova 2) 
levels, heart rate (HR), blood pressure (BP), and 
temperature (T) were measured. Ritodrine hydro- 
chloride was infused in nine rats (five female, feur 
male) at doses of 10 and 100 wg-kg '-min™!. The 5 
female rats received 2 days of ritodrine pretreatment 
of 1 mg/kg subcutaneously twice a day. MAC was 
redetermined after 30 minutes of each infusion and 
plasma glucose levels, arterial blood gas tensions, 
HR, BP, and T were measured. Means and sEM were 
determined and statistical significance was estab- 
lished using an analysis of variance. A P value of 0.05 
was considered statistically significant. 


Results 


The intravenous infusion of magnesium sulfate using 
the rates described results in plasma Mg’ * levels that 


were divided into four groups. Group 1 (control) with 
Mg” * levels of <2 mg/dl, group 2 with Mg** levels 
between 2-7 mg/dl, group 3 with Mg* * between 7-11 
mg/dl, and group 4 with Mg*~ levels above 11 mg/dl. 
MAC reduction, Mg** levels, and the measured 
physiologic parameters for each group are shown in 
Table 1. Magnesium produced a reduction in halo- 
thane MAC that was nonlinearly dependent on 
plasma Mg** levels (Fig. 1). The anesthetic require- 
ment in male, female, and term pregnant control rats 
were not different from one another. With magne- 
sium plasma levels of 7-11 mg/dl, an approximately 
20% MAC reduction occurred in the female and term 
pregnant rats. When plasma levels were >11 mg/dl 
(group 4), a further decrease in anesthetic require- 
ment, an approximately 40-60% MAC reduction, 
occurred in the female and pregnant groups. The 
anesthetic requirement in group 4 for all rats was 
significantly less than in groups 1, 2, and 3. Group 3 
female and term pregnant female rats had a signifi- 
cantly lower MAC than did control rats. The male rats 
in group 3 were not significantly different from those 
in groups 1 and 2. 

Arterial blood gas tensions, pH, and ionized Ca** 
levels remained within physiologic range. Although 
depression of HR and BP was evident at higher Mg ** 
levels, tissue perfusion was maintained as evidenced 
by lack of development of metabolic acidosis. The 
absence of neuromuscular blockade was documented 
by discontinuing halothane and allowing spontane- 
ous movement to resume while continuing the 

1 


MgSO, infusion at 7.0 mg-kg'-min~!. 


ANESTHETIC CONTRIBUTION OF MAGNESIUM AND RITODRINE 
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Table 2. Anesthetic and Physiologic Effects of Ritodrine 
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4 6 8 10 12 % 16 46 20 
MAGNESIUM PLASMA LEVEL mg/dl 


EEE 


Ritodrine dose MAC Heart rate 
(gkg min`!) reduction (%) (beats/min) 
Control (n = 9) 0+0 363 + 13 
10 (n = 9) 1.55 + 1.2 409 + 11 
100 (n = 9) 2.66 + 1.5 478 + 10 


The infusion rates of ritodrine employed in this 
study (from 2 to 50 times greater than those used 
clinically in humans) produced no significant change 
in anesthetic requirement. Subcutaneous pretreat- 
ment with ritodrine was likewise without effect. 
Significant tachycardia was noted in all rats during 
ritodrine infusion. Blood pressure, metabolic param- 
eters, and temperature remained essentially un- 
changed from control values (Table 2). 


Discussion 


Parturients with toxemia of pregnancy or those in 
premature labor receiving MgSO, therapy appear 
sedated. Reports in the literature from both animal 
(1,3) and human (2,4) studies have yielded conflicting 
reports as to the anesthetic effect of the magnesium 
cation. Early reports of “anesthesia” were later attrib- 
uted to magnesium-induced cardiac depression and 
neuromuscular blockade, with resultant muscle 


Blood pressure Paco, 
(mm Hg) pH (mm Hg) 
127/99 7.46 + 0.03 38 +4 
121/86 7.43 + 0.01 38 +1 
108/72 7.36 + 0.01 45+2 


weakness, hypoxia, and hypercarbia diminishing the 
response to noxious stimuli. In the present study, 
these factors were noncontributory, Mechanical ven- 
tilation with halothane in oxygen prevented hyper- 
carbia and hypoxia. All rats moved actively after 
discontinuing halothane despite continuing MgSO, 
administration, effectively ruling out significant mus- 
cle weakness interfering with MAC determination. 
Monitored metabolic parameters and temperature 
remained physiologic, reflecting adequate tissue per- 
fusion. 

Plasma Mg" * levels achieved in our rats correlate 
with levels achieved clinically. The higher levels may 
be seen in severely toxemic parturients with concom- 
itant renal insufficiency and impaired excretion of 
magnesium. Current practice is to monitor plasma 
Mg" levels when MgSO, is administered in the 
clinical setting. In general, levels of 4 mg/dl prevent 
seizures; levels of 10-12 mg/dl are associated with 
loss of deep tendon reflexes (knee jerk); respiratory 
depression occurs at levels of 12-15 mg/dl; and at 
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levels above 15 mg/dl, complete heart block and 
cardiac arrest may occur (7). When Mg** levels are 
not monitored, clinicians try to avoid levels of 12 
mg/dl by discontinuing MgSO, administration when 
deep tendon reflexes are obtunded. 

Magnesium sulfate therapy affects many aspects of 
the anesthetic management of toxemic parturients. 
The potentiating interaction between neuromuscular 
blocking agents and magnesium has been well de- 
scribed (8). Respiratory function and ventilatory re- 
serve are compromised at higher Mg** levels with- 
out concomitant relaxant administration. Cardiac 
depression and vasodilation may result in hypoten- 
sion. The present data document a significant ares- 
thetic effect of magnesium. At clinical levels of 7-11 
mg/dl, an approximately 20% decrease in anesthetic 
requirement was observed in female and term preg- 
nant rats. When plasma magnesium levels increased 
further, a marked anesthetic effect, up to 60% MAC 
reduction, occurred. These studies suggest that mon- 
itoring the plasma Mg” * levels optimizes the care of 
the often complicated, physiologically compromised 
toxemic patient. 

Drugs that alter CNS monoamine levels efect 
anesthetic requirements. Cocaine and amphetamine 
acutely increase postsynaptic norepinephrine levels 
(9) and also increase anesthetic requirements (5). 
Methyldopa and reserpine deplete CNS monoamines 
and decrease MAC (5). Ritodrine hydrochloride, a 
synthetic monoamine with principally 8-2 activity, 
has tocolytic properties. Although it is unknown 
if ritodrine crosses the blood-brain barrier, it is re- 
ported to cause CNS stimulation, restlessness, and 
anxiety when it is administered to parturients in 
premature labor (10). This study reveals no change in 
anesthetic requirements, despite ritodrine infusion 
rates up to 100 ug-kg '-min`' (human dose range of 
2-5 ug-kg '-min™! (9). 

Magnesium sulfate and ritodrine are effective to- 
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colytic agents in current clinical use. Interactions 
between ritodrine and anesthetic agents have not 
been described, and this study demonstrates no effect 
of ritodrine on anesthetic requirements. In marked 
contrast, MgSO; affects many aspects of physiology 
relevant to the anesthesiologist. The present demon- 
stration of acutely decreased anesthetic requirements 
with MgSO, administration further supports the 
practice of monitoring serum Mg levels and mandates 
careful titration of all anesthetic agents to avoid 
overdosing high risk patients requiring MgSO,. 
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Effect of Naloxone Infusion on Analgesia and Respiratory 


Depression after Epidural Fentanyl 


J. P. Gueneron, mp, Cl. Ecoffey, mp, P. Carli, mp, D. Benhamou, Mp, and J. B. Gross, MD 





GUENERON JP, ECOFFEY Cl, CARLI P, BENHAMOU D, 
GROSS JB. Effect of naloxone infusion on analgesia and 
respiratory depression after epidural fentanyl, Anesth 
Analg 1988;67:35-8. 


The efficacy of two dosage regimens of intravenous naloxone 
were compared to avoid nonrespiratory side effects and 
respiratory depression and yet to preserve analgesia (max- 
imum tolerance to periostal pressure over the tibia) after 
administration of 200 ug epidural fentanyl. Three groups of 
eight patients were studied: group I patients received a 
loading dose of 0.4 mg IV naloxone followed by naloxone 
infusion at a rate of 10 pg - kg! - hr ?. Group II patients 
received a loading dose of 0.2 wg naloxone followed by a 
naloxone infusion at a rate of 5 ug - kg! - hr’. Group II 
patients received a saline infusion at a rate of 20 ml/hr. 
Epidural fentanyl significantly increased tolerance to pe- 
riostial pain in all three groups (respectively, +38 + 20%, 
+36 + 16%, and +35 + 14%) (mean + sp; P < 0.05). 
The naloxone infusion significantly reduced this effect in 
groups Land II, respectively, —40 + 20% and —37 + 28% 


Epidural fentanyl has been advocated for postopera- 
tive pain relief (1). However, epidural fentanyl also 
induces respiratory depression as documented by a 
decrease in the ventilatory response to CO, (2,3). The 
respiratory depression induced by epidural morphine 
can easily be reversed by naloxone (4,5). Respiratory 
depression after epidural buprenophine, however, 
has been reported to be resistant to naloxone, possibly 
because of the high affinity of this opioid for opiate 
receptor (6). No data are available on the efficiency of 
naloxone in reversal of respiratory depression induced 
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below prenaloxone levels) (P < 0.05). Nonrespiratory side 
effects were also reversed in groups I and II. In group III, 
neither periostial analgesia nor nonrespiratory side effects 
were affected. The baseline slopes of VEI/Pttco, were 2.34 + 
1.01, 2.14 + 0.66, and 2.68 + 1.14 L- min™’ -mm 
Hg ', respectively, in groups I, Il, and IlI. Epidural 
fentanyl significantly decreased the slope below baseline 
levels in each group: —21 + 16%, —22 + 17%, and —19 
+ 32%, respectively, in groups I, Il, and Ill. Thirty 
minutes after the start of naloxone infusion the slope of 
VE/Peteo, increased significantly in group I (+22 + 14% 
from prenaloxone value) (P < 0.05), decreased significantly 
in group II] (—11 + 17% from prenaloxone value) (P < 
0.05), and remained unchanged in group Il (+10 + 25% 
from prenaloxone value). Although high-dose naloxone 
reverses the respiratory depression associated with epidural 
fentanyl administration, there is a concomitant decrease in 
the quality of analgesia. 


Key Words: PAIN—postoperative. ANALGESICS— 
fentanyl. ANTAGONISTS, Narcotics—naloxone. 
ANESTHETIC TECHNIQUES—epidural. 


by epidural fentanyl. The aim of this study was to 
determine the effects of two dosage regimens of nalo- 
xone on analgesia and ventilatory response to CO; 
after the epidural injection of fentanyl. 


Methods 


Patients 


We studied 24 patients ranging in age from 19 to 47 
years who were scheduled for lithotripsy; they were 
unpremedicated and had fasted overnight. The study 
protocol received institutional approval, and we ob- 
tained informed consent from all patients. We ran- 
domly assigned patients to one of the three study 
groups (eight patients each). 


Procedure for Epidural Injection 
We began an infusion of Ringer's lactate solution (3 
ml. kg ' - h ') through a venous catheter. The ECG 
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was continuously displayed on an electrocardioscope 
and arterial blood pressure was measured by a 
sphygmomanometer cuff. An epidural catheter was 
inserted at the L3-L4 interspace after which the 
patients remained supine in the 45° head-up position. 
After the first set of measurements (baseline), we 
injected 200 yg fentanyl in 10 ml saline through the 
epidural catheter. Thirty minutes later a second set of 
measurements was performed. Patients in group | 
were then given a loading dose of 0.4 mg naloxone IV 
followed by a continuous IV naloxone infusion at a 
rate of 10 ug - kg ' - hr '; group II patients received 
a loading dose of 0.2 mg naloxone IV followed by 
continuous IV naloxone infusion at a rate of 5 
ug: kg '- hr '. Group III patients had a continuous 
infusion of normal saline at a rate of 20 ml/hr. Thirty 
minutes after the start of naloxone or saline infusion, 
a third set of measurements was performed. At the end 
of the study, after an aspiration test, we injected 3 ml 
2% lidocaine with epinephrine 1:200,000 to detect pos- 
sible accidental intravascular or intradural injection. 
Local anesthetics solution was then injected through 
the epidural catheter to provide operative analgesic. 


Clinical Effects 


We evaluated analgesia before and 30 minutes after 
fentanyl injection as well as 30 minutes after naloxone 
infusion. We used a spring-loaded rod to determine 
the maximum tolerable periostial pressure over the 
distal and of the tibia (7); we performed each triplicate 
determination and averaged the results. We also 
recorded adverse effects such as pruritis, nausea, and 
drowsiness. 


Ventilatory Measurements 


Respiratory rate (RR) and minute-ventilation (VE) 
were recorded with the subjects breathing room air 
and during CO, rebreathing tests with a mouthpiece 
and a nose-clip, through a pneumotachogreph 
(Fleisch no. 2) and a Rudolph nonrebreathing valve. 
Instrument dead space was 70 ml. Resistances to 
inspiratory and expiratory flows were 2.4 and 3.6 
cmH,0 . sec ' - L`’ respectively, at a flow of 1 L/sec. 
Ventilatory response to CO, was assessed by rebrea- 
thing for 4 to 5 minutes from a 7-liter spirometer filled 
with a mixture of 7% CO, in O,. Volume was mea- 
sured by electronically integrating the flow signal 
obtained from a Godart 17212 differential pressure 
transducer (Bilthoven-Holland) connected to the 
pneumotachograph, previously calibrated with « 1- 
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Table 1. Percentage Change from Baseline Values and 
from Prenaloxone Value in Tolerance to Periostial 
Pressure. 


Naloxone or 


Fentanyl saline 
Group | 38 £ 20* —40 + 20t 
Group Il 36 + 16* —37 + 28t 
Group Ill 35: 14* +6 + 21" 
Mean values + sp 
*P < 0.05 v control value; tP < 0.05 v prenaloxone value. 


liter syringe of air. End-tidal CO, tension (PET...) was 
measured with a Godart capnograph (Bilthoven- 
Holland) calibrated with 5%, 7%, and 9% mixtures of 
CO, in O,, verified to be within 1% using Scholander 
microanalysis. Pneumotachograph and capnograph 
outputs were interfaced to a CBM SX64 computer 
with an analog-to-digital converter (8). After convert- 
ing ventilatory variables to BTPS, linear regression 
equations were computed from VE and Per,,. for 
each CO, challenge curve. The correlation coefficients 
ranged from 0.94 to 0.98. 


Statistical Analysis 


All the values are expressed as mean + sp. The 
statistical significance of differences between the 
three groups in age and weight was evaluated using 
the nonparametic Mann-Whitney test. The signifi- 
cance of differences in ventilatory measurements be- 
tween the three groups was evaluated with the use of 
two-way ANOVA. The significance of differences 
between respiratory measurements at each time in- 
terval and control values was tested using an 
ANOVA followed by a t-test. Values of P < 0.05 were 
considered statistically significant. 


Results 


Age, weight, and baseline slope VEIPET co, slopes 
were similar in the three groups. 


Clinical Results 


Periostial pain thresholds increased significantly in all 
three groups 30 minutes after epidural fentanyl, and 
decreased significantly after naloxone infusion in 
groups I and II, whereas periostial pain threshold 
increased further in group III (Table 1). Thirty min- 
utes after the fentanyl injection, five patients in group 
I, six patients in group II, and six patients in group III 
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Table 2. Resting Respiratory Variables before, 30 
Minutes after Epidural Fentanyl, and 30 Minutes after 
the IV Infusion of Naloxone or Saline 


Saline or 
Control Fentanyl naloxone 
Resting Per... 
Group | a5 2 AEF 37 = 2 
Group II Jot 2 37 +5 35:5 
Group III 34+ 2 JEF 37 = 3 
Resting RR (breaths/min) 
Group I 15: 3 16 +3 1625 
Group II 14+5 13 +4 5&3 
Group III 14+2 15+ 2 14+2 
Resting VE (l/min) 
GROUP I 9.3 + 3.1 8.8 + 2.9 5+2.8 
GROUP II 8.6 + 2.9 FE 3.2 91+ 3.6 
GROUP III 9.5213 87: 1:5 8.7 + 1.2 


Mean values + SEM. 
Abbreviations: PET, 
minute-ventilation 


end-tidal CO, tension; RR, respiratory rate; VE, 


coy 


felt drowsy; three patients in group I, four patients in 
group II, and five patients in group III had pruritis; 
two patients in group II had nausea. These side 
effects completely disappeared after naloxone infu- 
sion in patients in group I and II, but persisted in 
group III patients. 


Ventilatory Measurements 


Resting ventilatory variables did not change in any of 
the groups during the study (Table 2). Baseline 
VE/PET,,. Slopes were 2.34 + 1.01, 2.14 + 0.66, and 
2.68 + 1.14 min- L-'. mm Hg |, respectively, in 
groups I, Il, and III. The slope of VE/Pet,,,. decreases 
significantly 30 minutes after the epidural fentanyl 
injection in all three groups (Fig. 1). Thirty minutes 
after the start of naloxone or saline infusion, the slope 
of VE/Per,,,. increased significantly in group I, de- 
creased in group III, and remained unchanged in 
group II. 


Discussion 


We found that the analgesia as well as the respiratory 
and nonrespiratory side effects induced by 200 ug 
epidural fentanyl were reversed by the high dose of 
naloxone. The low dose of naloxone reversed the 
analgesia and nonrespiratory side effects but not the 
respiratory depression. In addition, the study con- 
firms that respiratory depression may occur in <30 
minutes after the epidural administration of liposol- 
uble opioid such as fentanyl (2,3), a response also 
seen with alfentanil (9). 
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Figure 1. Percentage change from baseline values in the slope of 
VE/Per,,,, 30 minutes after administration of fentanyl and 30 
minutes after naloxone or saline infusion. Mean Values + sp. * P < 
0.05 vs control value. * P < 0.05 vs prenaloxone value. 


Side effects such as drowsiness, pruritis, and nau- 
sea were reversed with both naloxone infusion doses, 
as reported with epidural morphine (4,5). On the 
other hand, intermittent IM injection of 0.4 naloxone 
(4) and continuous IV infusion of naloxone (5) has 
been reported to reverse respiratory depression after 
epidural morphine. In the present study, a high 
infusion dose of naloxone was necessary to reverse 
respiratory depression after the epidural injection of 
the liposoluble opioid, fentanyl. In contrast to the 
present finding, a low infusion rate of naloxone can 
reverse the respiratory depression associated with 
epidural morphine. The differences in response to 
naloxone with epidural morphine and fentanyl may 
be related to the difference in lipid solubilities of 
morphine and fentanyl. Also, in our study we used a 
more sensitive assessment of the control of the ven- 
tilation, ventilatory response to CO;, whereas Rawal 
et al. used the measurements of resting Paco, in 
patients with postoperative pain (5). Low infusion 
doses of naloxone also decrease analgesia less than 
do high infusion doses (5). The graded response in 
the reversal by naloxone of the suppression of nox- 
iously evoked activity of neurons due to spinal mor- 
phine administration has been previously reported in 
animals (10). However, after epidural fentanyl injec- 
tion in our study, both naloxone infusion doses 
equally reversed the analgesia. This is not surprising 
for two reasons: we studied only the maximum toler- 
ance to periostial pressure rather than graded stimuli. 
Second, the absence of a dose-response relation in the 
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reversal by naloxone of the suppression of noxiously 
evoked activity of neurons due to spinal fentanyl 
administration has been reported in animals (11). 

In conclusion, low dose intravenous infusior of 
naloxone is inadequate to reverse the respiratory 
depression after epidural fentanyl. However, high 
dose intravenous infusion of naloxone necessary to 
prevent respiratory depression after epidural fen- 
tanyl significantly decreases the quality of analgesia. 
This study demonstrates that it is difficult to reverse 
the respiratory depression of epidural liposoluble 
narcotics selectively without also decreasing the an- 
algesic effect. 


We thank Mrs. janet Miller and Miss Guylaine Rosine for secre- 
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High-dose narcotic anesthetic inductions usually avoid 
circulatory depression better than do other techniques; 
however, the selection of a narcotic and neuromuscular 
blocker influences subsequent hemodynamic responses. One 
hundred-one patients having aortocoronary bypass graft 
(CABG) surgery were investigated using four combinations 
of a narcotic and neuromuscular blocker: group FP (fen- 
tanyl 50 pg/kg, pancuronium 100 pg/kg); group FV 
(fentanyl 50 pg/kg, vecuronium 80 pg/kg); group SP 
(sufentanil 10 pg/kg, pancuronium 100 pg/kg); and group 
SV (sufentanil 10 pg/kg, vecuronium 80 pg/kg), each 
combination being administered over 2 minutes. Hemody- 
namic functions were then monitored for 10 minutes before 
tracheal intubation. Significant changes included increases 
in heart rate in the groups receiving pancuronium and 
decreases in those receiving vecuronium. In all groups mean 
arterial pressure initially decreased; systemic vascular re- 
sistance index decreased significantly in all groups except 


High-dose narcotic induction of anesthesia, defined 
as the intravenous administration of a dose exceeding 
25 ug/kg of fentanyl (or an equipotent dose of another 
narcotic) before tracheal intubation has gained wide- 
spread popularity for patients undergoing coronary 
artery bypass graft (CABG) surgery. This techniques 


Presented in part at the American Society of Anesthesiologists 
1986 Annual Meeting in Las Vegas, Nevada. 

Received from the Department of Anesthesia, Bowman Gray 
School of Medicine, Wake Forest University, Winston-Salem, 
North Carolina. Accepted for publication September 1, 1987. 

Address correspondence to Dr. Gravlee, Department of Anes- 
thesia, Bowman Gray School of Medicine, 300 South Hawthorne 
Road, Winston-Salem, NC 27103. 


©1988 by the International Anesthesia Research Society 


SV. Cardiac index decreased significantly only in group 
SV. Circulatory depression requiring treatment with vaso- 
pressor or anticholinergic drugs was more common in 
patients given vecuronium. Cardiac arrhythmia occurred 
most often in group SP; only in group FP were there no 
arrhythmias, ischemic changes, or hemodynamic distur- 
bances requiring intervention. Time to onset of neuromu- 
scular blockade did not differ among the four groups, but 
transient chest wall rigidity occurred significantly more 
often with sufentanil than with fentanyl. Overall, the 
fentanyl/pancuronium combination afforded the greatest 
hemodynamic stability, whereas the sufentanil/vecuronium 
combination proved least satisfactory because of bradycardia 
and hypotension, requiring treatment in 35% of group SV 
patients. Differences in anesthetic premedication, social 
habits, preoperative medications, narcotic and muscle relax- 
ant doses, and speed of anesthetic drug administration may 
also influence hemodynamic responses and may explain 
differing results reported by others using the same drug 
combinations. 


Key Words: ANESTHETICS, INTRAVENOUS— 
fentanyl, sufentanil. NEUROMUSCULAR 
RELAXANTS—pancuronium, vecuronium. 


popularity derives from its usual association with a 
stable hemodynamic course (1-3). Although the early 
reports from Stanley et al. paired fentanyl with suc- 
cinylcholine (1,2), current clinical practice frequently 
couples fentanyl with pancuronium (4-10). Some 
authors report minimally altered hemodynamics fol- 
lowing that combination (4,5), whereas others report 
increases in heart rate or arterial pressure (6-9). 
Thomson and Putnins (10) warn that the fentanyl/ 
pancuronium combination may produce tachycardia 
and myocardial ischemia. Sufentanil, a more potent 
fentanyl congener, offers a more rapid onset of action 
and earlier wake-up time than does fentanyl (11,12). 
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Although some hail its virtues (4,13), others associate 
sufentanil with troublesome changes in heart rate or 
blood pressure (14-17). Vecuronium, a nondepolariz- 
ing neuromuscular blocker of intermediate duration 
of action, is said to have few direct hemodynamic 
effects (18-20), though some have reported bradycar- 
dia during its use with a narcotic (17,21-30). Because 
different study methods make comparisons difficult, 
we decided to examine prospectively four induction 
techniques utilizing each of four possible narcotie’re- 
laxant combinations of fentanyl, sufentanil, pancuro- 
nium, and vecuronium. 


Methods 


After receiving approval from our human studies 
committee, informed consent was obtained from 101 
patients scheduled for elective coronary artery bypass 
graft (CABG). Exclusion criteria included left main 
coronary artery obstruction, ejection fraction <0 40, 
myocardial infarction within 7 days, the clinical im- 
pression that airway maintenance with a mask would 
be difficult, and preoperative use of continuous intra- 
venous infusions containing vasoactive or anti- 
arrhythmic drugs. All cardiac and antihypertensive 
medications were administered on the day of sur- 
gery. Each patient was premedicated with oral lora- 
zepam 50 ywg/kg and intramuscular morphine 0.1 
mg/kg, both drugs being administered 60-90 minutes 
before arrival in the operating room. Oxygen was 
administered by nasal cannula during placemen: of 
two peripheral intravenous catheters, a radial or 
brachial artery catheter, and a 7.5F American Ed- 
wards VIP pulmonary artery (PA) catheter. Using an 
even-odd day and alternating-week method, pa- 
tients were randomly assigned to one of four anes- 
thetic induction techniques: 1) group FP, fentany. 50 
pg/kg and pancuronium 100 pg/kg (26 patients) 2) 
group FV, fentanyl 50 ug/kg and vecuronium 80 
pg/kg (22 patients); 3) group SP, sufentanil 10 pg/kg 
and pancuronium 100 ug/kg (30 patients); or 4) group 
SV, sufentanil 10 g/kg and vecuronium 80 pg/kg (23 
patients). In each group, 100% oxygen was delivered 
by facemask for 5 minutes before the narcotic and 
relaxant were infused simultaneously over 2 minettes 
through the side-port of the PA catheter introducer. 
Positive pressure ventilation by mask was initiated 
when the patient lost consciousness, maintaining 
end-tidal CO, between 30 and 37 mm Hg as mea- 
sured by mass spectrography. 

Hemodynamic measurements were made during 
oxygen administration, 2, 5, and 10 minutes acter 
completion of the anesthetic infusions, and 2 minvtes 
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after tracheal intubation. In all instances, the 2- 
minute postinfusion hemodynamic measurements 
were completed before administration of any vasoac- 
tive, B-adrenergic blocking, or anticholinergic drug. 
After these measurements, each anesthesiologist se- 
lected his or her own criteria for hemodynamic inter- 
vention. The most frequent interventions were 
phenylephrine or ephedrine for mean arterial pres- 
sures <65 mm Hg, atropine for heart rates <45 
beats/min, nitroglycerin for ST segment changes or 
mean arterial pressures >95 mm Hg, and propranolol 
for heart rates >90 beats/min. Laryngoscopy and 
tracheal intubation were accomplished after complet- 
ing the 10-minute postinfusion hemodynamic mea- 
surements. 

The measurements included heart rate (HR), arte- 
rial pressures, pulmonary arterial pressures, pulmo- 
nary capillary wedge pressure (PCW), right atrial 
pressure (CVP), and duplicate iced thermodilution 
cardiac outputs (American Edwards CO-Set and 
9520A Cardiac Output Computer). When the two 
cardiac output measurements differed by more than 
10%, additional measurements were taken until two 
consecutive outputs differed less than 10% (a maxi- 
mum of four determinations). The following he- 
modynamic parameters were derived using standard 
formulas: cardiac index (CI), stroke volume index 
(SVI), left ventricular stroke work index (LVSWI), 
pulmonary vascular resistance index (PVRI), and 
systemic vascular resistance index (SVRI). Arterial 
pressures were measured via Gould 60-cm high-pres- 
sure tubing, a Gould P23b strain gauge, Hewlett- 
Packard 8805D pressure amplifier, and a Midwest 
Analog and Digital Video Information System. Pul- 
monary artery and CVP measurement systems dif- 
fered from the above only by the use of a 15-cm 
(rather than 60-cm) segment of Gould high-pressure 
tubing. Each strain gauge was zero-balanced and 
mercury-calibrated before use. Dynamic response 
evaluation of the arterial pressure monitoring system 
showed natural frequency >20 Hz and damping 
coefficients of 0.25 to 0.30. 

Electrocardiogram leads II and V; were continu- 
ously monitored using a diagnostic quality (0.05-100 
Hz) Hewlett-Packard (HP)8811A ECG amplifier and 
78309A oscilloscope. Signal amplitude was standard- 
ized to 10 mm/mV. Electrocardiographic rhythm and 
ST segment status were observed with each set of 
hemodynamic measurements, any questionable diag- 
noses being recorded on a tracing with an HP 7754A 
recorder at a 25 min/sec paper speed. 

After alcohol skin preparation over the distal fore- 
arm, two skin electrodes were placed parallel to the 
course of the ulnar nerve and cable-connected to a 
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MiniStim (Professional Instruments Company) nerve 
stimulator. Upon completing the anesthetic infusion, 
a train-of-four supramaximal twitch stimulus was 
applied every 30 seconds, recording the onset time 
for maximal twitch suppression. Chest wall rigidity 
was subjectively assessed using a scale of 0 (none), 1 
(mild), 2 (moderate), and 3 (severe). These categories 
were defined as follows: 1) mild rigidity: positive 
pressure ventilation by mask was slightly difficult 
before the onset of neuromuscular blockade; 2) mod- 
erate rigidity: mask positive pressure ventilation was 
difficult, but could be accomplished with high peak 
airway pressures; 3) severe rigidity: mask ventilation 
was inadequate until the onset of neuromuscular 
blockade. Upper airway obstruction was carefully 
assessed and treated, and thus eliminated as a cause 
of ventilatory difficulty. 

Two-by-two analysis of variance (general linear 
models) was used to statistically compare demo- 
graphic characteristics by group. Characteristics com- 
pared among the groups included sex, age, height, 
weight, number of distal grafts, previous myocardial 
infarction (MI), ejection fraction (EF), left ventricular 
end-diastolic pressure (LVEDP), and preoperative 
medications (nitrates, -adrenergic blockers, nifedi- 
pine, diltiazem, verapamil, diuretics, and digoxin). 
The same method helped assess the influence of 
preoperative cardiac medications on the hemodyna- 
mic changes observed after induction of anesthesia. 
Hemodynamic measurements and the onset of max- 
imal twitch suppression were compared using re- 
peated two-tailed t-tests with a modified Bonferroni 
correction for multiple testing. Chest wall rigidity 
scores were compared between groups by logit anal- 
ysis. The specific influence of the two narcotics and 
the two relaxants on the observed hemodynamic 
changes was evaluated by two-by-two factorial anal- 
ysis of variance. Two-by-two logit analysis was used 
to compare the frequency of intervention with va- 
soactive drugs as a function of the narcotic or muscle 
relaxant. The x method compared the incidence of 
ECG rhythm disturbances between groups. 


Results 


Demographics for the four groups fell within the 
following ranges: male sex, (65-82%); age, 
53(+10)-61(+8) years; height, 173(+10)-175(+12) cm; 
weight, 76(+14)-81(+11) kg; distal grafts, 
2.5(+1.0)-3.5(+0.5); previous MI, 43-74%; EF, 
0.58(+0.09)-0.64(+0.11); LVEDP, 14(+4)-16(+5) mm 
Hg. Among the medications used in over 20% of 
patients in any group, utilization (percentage of pa- 
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tients in group) ranges were as follows: nitrates 
68-93%, $-adrenergic blockers 65-77%, nifedipine 
42-64%, diltiazem 5-30%, and diuretic 9-20%. A 
greater number of distal grafts were placed in pa- 
tients receiving pancuronium than in those receiving 
vecuronium (P < 0.05). No other demographic differ- 
ences reached statistical significance. 

Figure 1 shows the hemodynamics over time by 
group. All groups had similar hemodynamics in the 
control period. After anesthetic induction, heart rate 
increased in groups given pancuronium, but de- 
creased in groups receiving vecuronium. Mean arte- 
rial pressure (MAP) decreased significantly 2 minutes 
after infusion in all groups, and remained signifi- 
cantly below control values in group SP. Systolic and 
diastolic arterial pressures decreased in parallel. Car- 
diac index decreased significantly in group SV. All 
groups had initial reductions in SVRI (significant in 
groups FP, SP, and SV); only in. group SP was this 
change sustained. CVP increased in group FP after 
induction, representing the only significant change in 
right- or left-sided filling pressures in any of the 
groups. 

Pharmacologic interventions to improve unsatis- 
factory hemodynamics were made in 21 patients (0 in 
group FP, 8 (36%) in group FV, 5 (17%) in group SP, 
8 (35%) in group SV). All but two interventions (both 
in group FV) were made immediately after the 2 
minute postinfusion measurements. Sixteen of 21 
interventions consisted of a vasopressor or atropine 
(or both), and the remaining 5 interventions (2 in 
group FV, 3 in group SP) consisted of a vasodilator or 
B-adrenergic blocker (or both). Groups FP, SP, and 
SV each had one patient with a transient MAP <65 
mm Hg that was not treated with a vasopressor. Two 
patients in group SV and one in group FV had heart 
rates <45 beats/min unaccompanied by hypotension 
or an increase in PA or PCW pressures; these patients 
were not treated for bradycardia. Patients given ve- 
curonium required early (2 min postinfusion) inter- 
ventions more often than did patients receiving pan- 
curonium (P < 0.01). Recognizing that vasoactive 
drug interventions influenced some patients’ subse- 
quent hemodynamic measurements, the hemodyna- 
mic analysis was repeated after excluding those who 
received any vasoactive drug during the study. This 
did not alter the direction or the statistical signifi- 
cance of the changes shown in Figure 1. 

Of the 101 patients studied, 3 had ST segment 
depression >0.1 mV in lead II or V5 before anesthetic 
induction. During the study period, seven additional 
patients developed ST segment changes (none in 
group FP, two in group FV, four in group SP, one in 
group SV). These changes were distributed evenly 
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Figure 1. Hemodynamic variables as a function of time. Group 
abbreviations are listed in Methods. Times: C, control; 2,5, and 
10,2,5, and 10 minutes after completing drug infusions, respec- 
tively; 1-2 minutes after tracheal intubation. (A) Heart rate (HR, 
beats/min); (B) Arterial pressures (mm Hg); systolic (SAP); mean 
(MAP), diastolic (DAP); (C) cardiac index (CI, L - min - m*); 1D) 
systemic vascular resistance index (SVRI), mm HG |x| min |x| m*L); 
(E) pulmonary arterial mean (PAM), pulmonary capillary wedge 
(PCW), and right atrial (CVP) pressures (mm Hg); (F) streke 
volume index (SVI, ml/m?*); (G) left ventricular stroke work index 
(LVSWI, gm-m/m°); (H) pulmonary vascular resistance index (mm 
Hg |x| min |x| mL). *P < 0.05 compared with control; êP < (.05 
compared with 10 minutes after infusion. 
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Figure 1, continued. 


across the measurement periods. During the control 
measurements, one patient had premature ventricu- 
lar contractions (PVCs). Nine additional patients de- 
veloped arrhythmias during the study. Six of those 
arrhythmias occurred in group SP (P < 0.05 com- 
pared with group FP): three patients developed AV 
junctional rhythm, two had PVCs, and one had 
premature atrial contractions. Two patients in group 
FV (not significant compared with group FP) and one 
patient in group SV experienced PVCs; no rhythm 
disturbances occurred in group FP. 

Time to development of maximum twitch suppres- 
sion ranged from 1 to 11 minutes (mean of 3.5 + 0.2 
[sE] minutes). Onset time for neuromuscular block- 
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ade did not differ among the study groups. Figure 2 
shows the frequency distribution for chest wall rigid- 
ity. Patients given sufentanil had higher rigidity 
scores (P < 0.05) than patients receiving fentanyl, but 
the selection of neuromuscular blocking drug did not 
influence chest wall rigidity. 

Pooling the entire study population, in patients 
receiving preoperative -adrenergic blockers, heart 
rates increased significantly less between control and 
postintubation periods than they did in patients 
without B-adrenergic blockade (P < 0.01). Aside from 
this observation, the presence or absence of £- 
blockers or calcium channel blockers did not influ- 
ence changes observed in heart rate, mean arterial 
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Figure 2. Chest wall rigidity scores expressed as a percentage of 
patients in each group: 0, no rigidity; 1, mild rigidity; 2, moderate 
rigidity; 3, severe rigidity. *Sufentanil groups experienced rigidity 
significantly more frequently than did fentanyl groups (P < 0.05). 


pressure, cardiac index, or stroke volume index. All 
B-blockers were pooled for this analysis, whereas 
calcium channel blockers were considered both indi- 
vidually and collectively. 


Discussion 


All four rapid induction techniques caused some 
reduction in blood pressure (BP) and SVRI. Only 
patients receiving the SP combination sustained sig- 
nificant reductions in BP and SVRI throughout «he 
study period. Two previous studies also found reduc- 
tions in BP and systemic vascular resistance using the 
sufentanil/pancuronium combination (14,15). De- 
pending on the study, one could conclude that the 
fentanyl/pancuronium combination increases, de- 
creases, or does not change BP or systemic vascular 
resistance (SVR) (49,31). The most common obser- 
vation has been that this drug combination causes a 
modest decrease in BP and SVR, sometimes failing to 
reach statistical significance, before intubation and 
surgical incision. 

Combining either narcotic with pancuronium in- 
creased heart rate in the present study, whereas 
combining these narcotics with vecuronium de- 
creased heart rate. Several other groups have aiso 
reported an increase in heart rate when combining 
pancuronium with fentanyl or sufentanil (6-9,15,16, 
21,31). Using fentanyl alone or combining it with 
succinylcholine generally decreases heart rate, owing 
to a centrally mediated vagotonic effect of fentanyl 
(1-3). Pancuronium offsets this effect with its periph- 
eral vagolytic and sympathomimetic effects (29). 
Thomson and Putnins (10) observed myocardial is- 
chemia during induction of anesthesia in 3 of 12 
patients given the FP combination, the increase in HR 
after FP (from 58 to 76 beats/min) being greater than 
what we observed (from 66 to 71 beats/min). While 
they administered fentanyl at 5 wg - kg~' - min`! and 
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gave a bolus of pancuronium on loss of conscious- 
ness, possibly our simultaneous administration of 
fentanyl and pancuronium produced a more rapid 
increase in brain fentanyl concentration that more 
completely offset the vagolytic effect of pancuronium. 
Their use of scopolamine premedication represents 
another potentially important difference between the 
two studies, because scopolamine might augment the 
vagolytic effect of pancuronium. 

We chose to inject the drugs over 2 minutes 
because we have observed that using this technique 
with fentanyl and pancuronium usually permits 
rapid airway control and loss of consciousness while 
avoiding chest wall rigidity. Equipotent narcotic and 
neuromuscular blocker doses were selected on the 
basis of previous investigations (14,19,32,33), with 
selection of neuromuscular blocking doses of 1.6 
times the effective dose for 95% twitch suppression to 
hasten onset time (33). Reported sufentanil/fentany] 
potency ratios vary from 5:1 to 10:1 (4,11,13,14, 
32,34-39). Studies demonstrating comparable elec- 
troencephalographic changes (36,37) and surgical he- 
modynamic and humoral stress response suppres- 
sion (38) support our selection of a 5:1 potency ratio. 
Determining narcotic potency ratios in human stud- 
ies presents a formidable problem, however, because 
establishing a reliable indicator for high-dose narcotic 
anesthetic potency has proven elusive. Various mark- 
ers such as loss of consciousness, electroencephalo- 
graphic patterns, hemodynamic stability, total dose 
requirements, and endocrine changes have been 
used, but none of these can duplicate the reliability of 
minimal alveolar concentration (MAC) as a potency 
index for inhalation anesthesia. 

Vecuronium lacks demonstrable autonomic effects 
in animal studies (40,41), and early human studies 
showed a negligible effect on heart rate (19,42). The 
investigations in humans were conducted during 
stable halothane or enflurane anesthesia. Use of 
vecuronium with a nitrous oxide and narcotic anes- 
thetic technique tends to decrease heart rate, whereas 
pancuronium usually increases it (43,44). Several 
authors have reported asystole or marked bradycar- 
dia when using vecuronium with various doses of 
narcotics (17,22—25,29,30). The sufentanil/vecuro- 
nium combination appears particularly conducive to 
this (17,26,28). Salmenpera et al. (21) reported that 
vecuronium decreases heart rate if given after estab- 
lishing stable high-dose fentanyl anesthesia. Grego- 
retti et al. administered vecuronium during enflurane 
and halothane anesthesia and observed a small de- 
crease in heart rate in patients given enflurane (42). 
Narcotics can cause bradycardia via a central vagoto- 
nic effect (45), which vecuronium would not offset as 
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pancuronium does. If this explains our observations 
after vecuronium/narcotic combinations, we wonder 
why metocurine/narcotic combinations have not pro- 
duced similar reports. It is possible that slight vaso- 
dilation from metocurine activates the baroreceptor 
reflex. 

With the sufentanil/vecuronium combination, a 
significant reduction in cardiac index accompanied 
the decrease in arterial pressures despite unchanged 
cardiac filling pressures, which suggests that this 
combination depressed the myocardium. The reduc- 
tion in heart rate may have contributed to this, but 
the decrease in heart rate after sufentanil/vecuronium 
should have produced a compensatory increase in 
SVI if myocardial contractility had not decreased (46). 
Directionally similar changes occurred in group FV, 
although the decrease in CI did not reach significance 
in that group. Changing from spontaneous to posi- 
tive-pressure ventilation might have contributed to 
the decreased CI; however, this would not explain 
the uniqueness of the significantly decreased CI in 
group SV. The insignificant changes we found in PA, 
PCW, and CVP agree with previous investigations 
(1,3,5-9,14,15). The CVP increase in Group FP 
reached statistical but not clinical significance. 

Pharmacologic interventions initiated after the 2- 
minute postinfusion hemodynamic measurements 
create some difficulty in analyzing data from subse- 
quent time periods. It is likely that the vasopressor 
interventions influenced subsequent hemodynamics 
in group SV, and possibly did so in group FV. 
Although the numerical values change slightly if the 
patients receiving interventions are deleted, none of 
the statistically significant changes from the control 
period were altered by deletion of those patients. 
This held true for all postinfusion time periods. On 
the basis of these results, we elected to keep the four 
original randomized groups intact. 

All four techniques adequately suppressed the 
hemodynamic response to laryngoscopy and intuba- 
tion, presumably reflecting that well established 
property of high-dose narcotic inductions. After in- 
tubation, the increase in systolic arterial pressure in 
three of the four groups (FP, FV, SP) and in MAP in 
group FP were statistically but not clinically signifi- 
cant. Intubation also caused minor increases in heart 
rate that failed to reach statistical significance in any 
group. The observation that preoperative B-blocker 
therapy attenuated the increase above baseline levels 
in postintubation heart rate supports our clinical 
impression that adequate B-adrenergic blockade im- 
portantly complements anesthesia in patients under- 
going CABG. 


Our data suggest that the sufentanil/pancuronium 
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combination has the greatest propensity for ischemic 
ST segment changes and for arrhythmias, with the SP 
group accounting for four of seven ischemic ECGs 
and six of nine rhythm disturbances. When com- 
pared with the fentanyl/pancuronium group, only 
the incidence of rhythm disturbances reached statis- 
tical significance. Our 3% incidence of preinduction 
ischemia falls substantially below the 18% incidence 
recently reported by Slogoff and Keats (47). This 
difference may result from more restrictive exclusion 
criteria in the present study. 

We caution against oversimplifying the clinical im- 
plications of our hemodynamic findings. As Heinonen 
and Yrjola (48) so eloquently wrote, “We realize that 
the hemodynamic effects of a neuromuscular blocking 
drug depend greatly on the milieu into which the drug 
is administered.” The findings in our population of 
patients having CABG surgery may not apply to all 
patient populations. Additionally, slower drug admin- 
istration might diminish the untoward hemodynamic 
responses so frequently observed in groups FV, SP, 
and SV. The faster anesthetic onset time for sufentanil 
may have contributed to the hemodynamic changes 
observed 2-minute postinfusion, because the onset of 
anesthesia diminishes sympathetic tone. However, 
this would not explain the occurrence of sustained 
changes in arterial pressures and SVRI in group SP 
and in cardiac index in group SV, while such changes 
did not occur in the fentanyl groups 5 and 10 minutes 
after completing the drug infusions. Ten minutes 
should prove sufficient to achieve the maximal anes- 
thetic effect of fentanyl. 

Patients receiving sufentanil experienced chest 
wall rigidity more frequently than did patients receiv- 
ing fentanyl, but the use of vecuronium versus pan- 
curonium had no effect upon rigidity. Sufentanil’s 
faster anesthetic onset may account for this (4,12). 
Particularly when compared with previous reports 
using slower narcotic inductions, muscle rigidity was 
not clinically troublesome with any of the four tech- 
niques we used (4,8,49). We believe that pretreat- 
ment with a small dose of nondepolarizing muscle 
relaxant would effectively prevent rigidity with all 
four techniques (50,51). 

We conclude that the fentanyl/pancuronium com- 
bination provided the greatest overall hemodynamic 
and electrocardiographic stability without producing 
myocardial ischemia, whereas the sufentanil/vecuro- 
nium combination most frequently produced he- 
modynamic depression. Pancuronium was associated 
with less hypotension or bradycardia than was vecu- 
ronium, but was associated with arrhythmia when 
administered with sufentanil. We disagree with the 
recommendation that pancuronium be avoided as the 
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sole muscle relaxant during the induction of high- 
dose fentanyl anesthesia (10). Judging from the re- 
cent study of Cozanitis et al. (29), perhaps the nar- 
cotic/vecuronium combination should be routinely 
preceded by an anticholinergic agent. However, Pau- 
lissian et al. (27) premedicated 22 CABG patients with 
6 ug/kg of scopolamine intramuscularly before induc- 
ing anesthesia with fentanyl and vecuronium and still 
experienced bradycardia (HR < 45) in 4 patients. We 
prefer to avoid combinations of sufentanil and vecu- 
ronium in cardiac surgical patients and believe that 
this drug combination should be used only with full 
cognizance of its potential for hypotension end 
bradycardia. 
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BEDDER MD, KOZODY R, CRAIG DB. Comparison of 
bupivacaine and alkalinized bupivacaine in brachial plexus 
anesthesia. Anesth Analg 1988;67:48-52. 


To define the effect of alkalinization of bupivacaine 0.5% in 
subclavian perivascular brachial plexus blockade, the time to 
onset, time to peak effect, and 6-hour regression of sensory 
and motor blockade were determined. Sixty physical status 
ASA Land II patients were randomly allocated to one of zwo 
groups and a double-blind design was used: group I (r = 
30) received bupivacaine 0.5% (pH, 5.5) 3 mg/kg, wade 
group Il (n = 30) received alkalinized bupivacaine 0.5% 
(pH, 7.05-7.15) 3 mg/kg. Onset and regression of sensory 
blockade were determined by pinprick in the C4-T2 skin 
dermatomes, while motor blockade was assessed using a 
scheme of proximal to distal muscle group paralysis. Tane 
to onset of sensory blockade (group 1, 4.0 + 1.2 min; group 


IL, 3.6 + 0.9 min) and time to peak sensory effect (group 1, 
17.7 + 1.8 min; group Il, 16.3 + 1.8 min) did not differ 
significantly between the groups. Similarly, no difference in 
time to onset of motor blockade (group I, 6.9 + 1.7 min; 
group Il, 6.3 + 1.5 min) or time to peak motor effect (group 
1, 18.1 + 1.9 min; group IL, 15.1 + 1.9 min) was observed. 
Regression of postoperative sensory and motor blockade was 
similar in both groups. It is concluded that alkalinization of 
bupivacaine 0.5% solutions does not confer any added 
clinical advantage in subclavian perivascular brachial 
plexus blockade when compared with commercially available 
bupivacaine. 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—brachial plexus block. ANESTHETICS, 
LocaL—bupivacaine, 


SSS eee 


Ritchie et al. (1-3) confirmed that the cation is the 
anesthetically active form of a local anesthetic and 
that the uncharged molecule is essential for penetra- 
tion to the intracellular receptor site. Using an in vitro 
model, they demonstrated that alkaline local anes- 
thetic solutions are more effective in sheathed prep- 
arations and neutral local anesthetic solutions ere 
more effective in desheathed preparations. Bupiva- 
caine 0.5% (Marcaine) has a pKa of 8.1. In solution it 
is pH-adjusted to 4-6.5 and exists primarily as the 
cation at this pH. Increasing the pH of solution befcre 
injection increases the amount of bupivacaine exist- 
ing in the uncharged form and may produce mere 
rapid diffusion across perineuronal tissue barriers. A 
more rapid onset of clinical blockade should occur. 
Clinical studies by Galindo (4) concluded that pH- 
adjusted solutions of local anesthetics (pH 7-7.4) 
produced a more rapid onset of blockade with better 
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quality and duration than do unmodified commercial 
preparations. Recently, pH-adjusted bupivacaine 
was studied using a prospective randomized double- 
blind design in epidural analgesia for parturients (5). 
That study used 0.25% bupivacaine with the pH 
increased from 5.65 to 7.26. Time to onset of sensory 
blockade was reduced while time to reach peak effect 
was unaffected with alkalinization. A statistically 
significant increased duration of analgesia was ob- 
served (79.4 vs 96.5 min) with alkalinized bupiva- 
caine 0.25%. 

Hilgier (6) in a double-blind study compared 0.5% 
bupivacaine with epinephrine 1:200,000 (pH 3.9) with 
an alkalinized solution of bupivacaine with epineph- 
rine 1:200,000 (pH 6.4) when used for brachial plexus 
block. He reported that alkalinization of the bupiva- 
caine solution increases onset and prolongs duration 
of sensory blockade. However, Hilgier’s results may 
be open to question because failed or partial blocks 
were not mentioned. 

In the present study, we attempt to define the role 
of alkalinization of bupivacaine 0.5% on clinical ef- 
ficacy, onset, and regression in patients undergoing 


ALKALINIZED BUPIVACAINE IN BRACHIAL PLEXUS ANESTHESIA 


Table 1. Study Population* 


Group Anesthetic Age (yr) 
I (n = 30) Bupivacaine 40 + 3 
II (n = 30) Alkalinized bupivacaine IEZ 


*P = NS. 
Values expressed as mean (+ SEM). 


upper extremity surgery with subclavian perivascular 
brachial plexus blockade. 


Methods 


Following approval by the Human Ethics Committee 
for Research at the University of Manitoba and the 
Health Protection Branch, Health and Welfare Can- 
ada, informed consent was obtained from patients 
undergoing upper extremity surgery either on an 
elective or an emergency basis. Premedication con- 
sisted of diazepam 0.10 mg/kg IV 5-10 minutes before 
performing the block. All patients underwent supra- 
clavicular brachial plexus blockade using Winnie’s 
subclavian perivascular technique (7). Either the stan- 
dard formulation of bupivacaine 0.5% (Winthrop- 
Marcaine) or the pH-adjusted preparation was in- 
jected in a randomized double-blind manner. The 
pH-adjusted bupivacaine was prepared immediately 
before injection by the addition of 0.1 ml of 8.4% 
(wt/vol) sodium bicarbonate to 20 ml of 0.5% bupiva- 
caine using a tuberculin syringe and a #22 needle. 
The bicarbonate was added directly into the bupiva- 
caine solution and the bupivacaine/bicarbonate mix- 
ture was inverted, without shaking, 30 times over 
approximately 45-60 seconds. The single batch lot of 
bupivacaine at pH 5.5 and a final adjusted pH of 
7.05-7.15 was determined by Winthrop Laboratories. 
Neither bupivacaine solution contained epinephrine. 

Sixty ASA physical status I or II patients were 
randomly assigned to one of two groups. Group | 
received 3 mg/kg of standard 0.5% bupivacaine while 
patients in group II received 3 mg/kg of pH-adjusted 
bupivacaine. The amount of bicarbonate added (0.1 
ml/20 ml bupivacaine) only marginally changed the 
concentration of the bupivacaine solution. 

Patients between the ages of 16 and 65 years were 
included in the study. Exclusion criteria included: 


1. Serious illnesses such as uncontrolled diabetes 
mellitus, cardiovascular, pulmonary, or renal dis- 
orders in which local anesthesia was considered to 
expose the patient to increased risk. 

2. History of adverse reactions to local anesthetic 
drugs. 


ANESTH ANALG 49 


1988;67:48-52 
Male/female 
Height (inches) Weight (kg) ratio 
68 + 1 68 +1 19/11 
67 +1 69 +2 22/8 


Q3 


. Weight <45 kg or >85 kg. 

4. Patients with circulatory instability. 

5, Patients requiring local anesthesia on sites other 
than the study limb. 


Both the patient and the investigator making the 
observations were unaware of the pH of the drug 
administered. 

The blinded observer recorded the onset of sen- 
sory block using pinprick in skin dermatomes C4-T2 
at 1, 3, 5, 10, 15, 20, and 30 minutes after the 
completion of injection of the anesthetic solution. 
Responses were recorded as either aware or not 
aware of pinprick at each time interval. 

Motor block was assessed by the same observer at 
the same time intervals according to the following 
scheme: 0, no motor block; 1, inability to abduct the 
upper extremity or to flex the forearm against resis- 
tance; 2, inability to abduct the upper extremity or to 
flex the forearm against gravity; 3, inability to abduct 
the upper extremity and to flex the forearm and hand 
against gravity. 

Pulse and blood pressure were also recorded 5, 10, 
15, 20, and 30 minutes during onset of anesthesia. In 
patients with a block satisfactory for the surgical 
procedure, postoperative measurements were made 
at 30-minute intervals using sensory and motor test- 
ing described above. Measurements were made for 6 
hours after the block or until both sensory and motor 
function had returned. 

Patient groups were compared using x” analysis to 
confirm satisfactory randomization. The results were 
analyzed using one-way ANOVA. Post-ANOVA 
multiple comparisons were performed using Dun- 
can’s Test. A value of P < 0.05 was considered 
statistically significant. 


Results 


The two groups were similar in age, height, weight, 
and sex distribution (Table 1). Blood pressure and 
heart rate were similar in the two groups and did not 
change significantly during the study. Of the 30 
patients in group I, 23 (77%) had analgesia adequate 
for surgery, whereas in group II, 24 (80%) had ade- 
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Figure 1. Onset of blockade (n = 27 in each group). Values ex- 
pressed as mean (+ sem); P = NS. Abbreviations: Bup, commercial 
bupivacaine 0.5%; Alk. Bup, alkalinized bupivacaine 0.5%. 


quate analgesia. In group I, in three patients the block 
failed, whereas four had partial analgesia; in group II, 
in three patients the block failed and three had partial 
analgesia. These success rates appear comparable -o 
current studies in the literature (8,9). The three pa- 
tients in each group with a failed block were elimi- 
nated in determining onset time, time to peak effect, 
and regression of blockade. 

Time to onset of sensory blockade (group I, 4.0 + 
1.2 min; group II, 3.6 + 0.9 min) and time to peek 
sensory effect (group I, 17.7 + 1.8 min; group II, 16 3 
+ 1.8 min) did not differ significantly in the groups 
(Fig. 1). Similarly, no difference in time to onset of 
motor blockade (group I, 6.9 + 1.7 min; group II, 6.3 
+ 1.5 min) or time to peak motor effect (group I, 18.1 
Ł 1.9 min; group II, 15.1 + 1.9 min) was observed. 
Regression of postoperative sensory blockade wes 
similar to both groups, sensory blockade having 
regressed 1.5 dermatomes 6 hours after the block 
(Fig. 2). Regression of motor blockade was not ob- 
served in either group during the 6-hour postblock 
assessment (Fig. 3). 

No instance of central nervous system or cardio- 
vascular toxicity was observed in either group during 
the study. The only complication was a pneumothe- 
rax requiring chest tube drainage (incidence 1.6%). 


Discussion 


Recent studies (5,10) have reviewed the physioche- 
mical basis of altered pH on local anesthetic solu- 
tions. The lower the pH, the more charged cations in 
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Figure 2. Regression of sensory blockade postoperatively starting 
90 minutes after performing the block (n = 27 in each group). 
Values expressed as mean (+ sem); P = NS. 
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Figure 3. Regression of motor blockade postoperatively starting 90 
minutes after performing the block (n = 27 in each group). Values 
expressed as mean (+ sem); P = NS. 


solution, whereas an increase in pH results in a 
greater proportion of the free base form. Ritchie et al. 
(1-3) postulated that the uncharged base form is more 
soluble in connective tissue than is the cationic form 
and more readily diffuses through the nerve sheath. 
The positively charged cation binds to intracellular 
receptor sites and blocks nerve conduction once dif- 
fusion has occurred (11). 

Our results indicate that modifying commercially 
available 0.5% bupivacaine (Marcaine, Winthrop) 
without epinephrine using 0.1 ml of sodium bicar- 
bonate per 20 ml does not shorten onset time or 
decrease time to peak effects with the subclavian 


ALKALINIZED BUPIVACAINE IN BRACHIAL PLEXUS ANESTHESIA 


perivascular brachial plexus block. Previous work by 
Hilgier in which a beneficial effected was demon- 
strated compared alkalinized bupivacaine with epi- 
nephrine (pH 6.4) to 0.5% bupivacaine with epineph- 
rine (pH 3.9) (6). Our study compared alkalinized 
bupivacaine without epinephrine (pH 7.05-7.15) and 
stock bupivacaine without epinephrine (pH 5.5). The 
epinephrine-containing bupivacaine solutions in Hil- 
gier’s study had an initial lower pH than did the plain 
bupivacaine solution employed in our study and, 
with the addition of 0.2 ml NaHCO; solution, under- 
went a proportionally greater change in pH. This may 
have accounted for the difference in results. How- 
ever, in a study comparing pH-adjusted lidocaine 
solutions for epidural anesthesia (10), there was an 
inverse relation to the pH of the epidural lidocaine 
solution injected and the time of onset of analgesia. 
This was not seen in our study and may be a 
reflection of comparing the epidural space to the 
brachial plexus, or of comparing local anesthetics 
with differing physiochemical properties. 

In addition to the inherent problems associated 
with comparing the effects of alkalinization on dif- 
ferent local anesthetic agents used in different sites, 
onset and duration may be influenced by the concen- 
tration of the local anesthetic used (12). In the study 
by McMorland et al. (5), alkalinization of bupivacaine 
0.25% for epidural anesthesia resulted in a more 
rapid onset and prolonged duration of blockade. In 
our study, the use of alkalinized bupivacaine 0.5% in 
supraclavicular brachial plexus blockade did not pro- 
duce a beneficial effect, although total duration of 
blockade was not studied. The differences in results 
in these studies may be in part related to the marginal 
beneficial clinical effects of alkalinization of regular 
bupivacaine that become obscured when higher con- 
centrations are employed. 

Previous studies (9,13) have demonstrated a more 
rapid development of motor blockade as opposed to 
sensory blockade with one study using 50 ml of 0.5% 
bupivacaine with the subclavian perivascular tech- 
nique. Winnie et al. (13) attributed this to the arrange- 
ment of motor fibers in the mantle and sensory 
fibers in the core of the trunks and cords. The local 
anesthetic would therefore diffuse first through the 
motor fibers and block them before blocking of the 
sensory fibers. Time to onset of sensory and motor 
blockade did not differ significantly between the 
groups in our study. Sensory blockade was deter- 
mined by Lanz et al. and in our study by using the 
response to pinprick in the primary innervation 
zones. Lanz et al. (9) used the following rating scale 
for motor blockade: 0, normal contraction; 1, reduced 
contraction (paresis); and 2, no contraction (paral- 
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ysis). Their results showed that in all instances motor 
blockade developed more rapidly than sensory 
blockade. In the evaluation of motor block, paresis 
and paralysis were combined for simplification by 
Lanz et al. This may have overestimated the percent- 
age of motor blockade as evaluated at 5 and at 20 
minutes. At 20 minutes there was virtually 100% 
motor blockade in the study by Lanz et al., with our 
time to peak onset being nearly equivalent to theirs at 
17 minutes. 

Bupivacaine has been reported to cause cardiotox- 
icity in both clinical and experimental settings 
(14-16). We used 3 mg/kg of bupivacaine and ob- 
served no signs or symptoms of local anesthetic 
toxicity. This finding is similar to previous studies 
and reports using volumes of 40-50 ml of 0.5% 
bupivacaine (6,9,17,18). 

In conclusion, the pH adjustment of commercial 
bupivacaine 0.5% solutions for subclavian perivascu- 
lar brachial plexus blockade does not confer any 
clinical advantage. The use of 3 mg/kg of bupivacaine 
in this technique has once again been shown to be a 
safe and effective agent, providing proper technique 
and precautions are followed. 





We thank Barbara Filuk, RN and the staff of P.A.R.R. at the Health 
Sciences Centre in Winnipeg for assistance. 
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The correlation between the degree of postanesthetic recov- 
ery (PAR) in children as measured by a modified Aldrete 
scoring system and oxygen saturation (Sao,) was studied. 
Eighty-one ASA PS I unpremedicated infants and children 
were studied. Oxygen saturation and PAR scores were 
recorded on arrival in the recovery room, then at 5-minute- 
intervals. Patients with Sao, < 95% were given supple- 
mental oxygen. The proportion of children with Sao, < 


Motoyama and Glazener (1) recently used the pulse 
oximeter to show that children recovering from gen- 
eral anesthesia may have arterial oxygen desatura- 
tion. Mild desaturation sometimes occurs without 
any clinical signs of hypoxemia. In healthy children 
they found that mean O, saturation (Sao,) in room air 
was 93% (equivalent to a Pao, of 66 mm Hg). Oxygen 
saturation improved with oxygen supplementation 
and with increasing wakefulness. On the basis of 
these findings, these authors recommended supple- 
menting O; in the postanesthesia recovery room until 
children were more awake. The degree of desired 
wakefulness, however, was not clearly defined. 

The aim of this study was to correlate postanesthe- 
sia O, saturation in children with the degree of 
recovery, as indicated by a postanesthesia recovery 
(PAR) score that is routinely used in our institution, 
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95% and =95% was not significantly different among 
patients with low PAR scores (6) and those with high 
scores (7-10) in any age group. Similarly, ihe magnitude of 
Sao, increase after oxygen supplementation did not seem to 
correlate with increasing wakefulness; i.e., higher PAR 
scores. It is concluded that children recovering from anes- 
thesia can become hypoxemic in the recovery room. The 
degree of wakefulness as measured by a PAR score cannot be 
used to establish an end point for oxygen supplementation. 
Oxygen supplementation andlor Sao, monitoring are rec- 
ommended in all children recovering from anesthesia. 


Key Words: HYPOXIA- postoperative: 
ANESTHESIA—pediatric. 


and to document the stage of recovery at which O, 
supplementation was no longer needed. 


Methods 


The protocol was approved by the institutional re- 
view board and parents were informed about the 
study. Eighty-one ASA physical status I unpremedi- 
cated children undergoing elective surgical proce- 
dures under general anesthesia were studied. Chil- 
dren undergoing intraabdominal, intrathoracic, or 
intracranial procedures were excluded. The modified 
Aldrete’s scoring system (2) was used to evaluate the 
degree of postanesthetic recovery. Points are as- 
sessed and assigned to levels of motor activity, res- 
piration, blood pressure, consciousness, and color on 
the patients’ admission to the recovery room and at 
frequent intervals thereafter (Table 1). Children 
should achieve an overall score of 10 to meet dis- 
charge criteria. However, a score of 9 is accepted if 
the subtracted point is due to elevated blood pres- 
sure, a common finding in children crying after 
surgery. 

On arrival in the recovery room the_patient’s 
recovery score was computed by an- ‘independent 
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Table 1. Recovery Room Scoring System 





Points 
Observed parameter scored 

Motor activity” 

Active motion, voluntary or on command 

Weak motion, voluntary or on command 1 

No motion 0 
Respiration* 

Coughs on command or cries 2 

Maintains good airway 1 

Requires airway maintenance 0 
Blood pressure 

+ 20 mm Hg of preanesthetic level 2 

>20-50 mm Hg of preanesthetic level 1 

>50 mm Hg of preanesthetic levels 0 
Consciousness* 

Fully awake or easily aroused when called 2 

Responds to stimuli and exhibits presence 1 

of protective reflexes 
No response or absence of protective 0 
reflexes 

Color 

Pink 2 

Pale, dusky, blotchy ] 

Cyanotic 0 


Total scores Maximum 10 





“The signs of recovery have been rewritten to allow easier interpretation 
in children 


observer; and the fingertip sensor of a Nellcor pulse 
oximeter (model N-100) was placed by one of the 
investigators to record the initial O, saturations in 
room air. The cutoff for the definition of hypoxemia 
was chosen to be 95% (equivalent Pao, 75 mm Hg). 
This value was considered to be low in a healthy child 
recovering from anesthesia and insufficient to meet 
increased metabolic and respiratory requirements in 
the immediate postoperative period. Children with 
O; saturations <95% were given O, via a “blow-by” 
system at 10 L/min; patients with Sao, =95% received 
no supplemental O,. Continuous measurements of 
Sao, were made and recorded every 5 minutes at a 
time when the digital display on the oximeter showed 
a constant value. Supplemental oxygen was contin- 
ued until patients achieved an Sao, of at least 95% 
while breathing room air. Patients were discharged 
when the discharge criteria, as previously defined, 
were met and O, therapy could be discontinued. 
The association between the PAR score on arrival 
into the recovery room and Sao, was analyzed using, 
Fisher's exact test, investigating the equality of the 
proportions of patients with Sao, <95% and =95% 
among PAR scores (=6 and 7-10). The magnitude ef 
this association was measured by Spearman’s rank 
correlation coefficient. Because of possible wide phys- 
iologic variability of respiratory function in the study 
population, these associations are reported for three 
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age groups; =2 years, 2—4 years, and >4 years. P < 
0.05 was considered significant in all cases. 


Results 


The patients’ age distribution ranged between 1 
month and 12 years (mean 47 months). Surgical 
procedures in the study patients included ENT (n = 
36), urology (n = 13), orthopedic surgery (n = 3), 
plastic surgery (n = 3), general surgery (n = 11), 
ophthalmology (n = 14), and oral surgery (n = 1). 
Anesthesia and surgical times ranged between 10 
minutes and 4 1/2 hours (mean approximately 1 
hour), and 5 minutes and 4 hours (mean 41 minutes), 
respectively. 

The PAR scores and the oxygen saturations in the 
three groups recorded on admission to the postanes- 
thetic recovery room before the administration of 
oxygen, are shown in Table 2. No significant associ- 
ation between PAR scores and O, saturation was 
found. A specific pattern of increasing Sao, with 
concomitant increase in PAR scores was not evident. 
Spearman’s rank correlations (r,) were 0.266 for the 
group 1 month-2 years old, —0.135 for the 24 year 
old group, 0.339 for children older than 4 years, and 
0.058 for the total sample. None were significantly 
different from zero (P > 0.05). The proportion of 
patients with Sao, <95% and =95% was not signifi- 
cantly different among those who achieved a low (= 
6) or a high (7-10) PAR score on arrival to the 
recovery room in any of the groups (Table 3). 

Of the 45 patients who required O, supplementa- 
tion because of low measured Sao, 34 had a recovery 
score of less than 7 and 11 had a score of 7 or more. 
After O, therapy, the mean increase in O, saturation 
was 4 and 5% for patients who had the low and high 
PAR scores, respectively. Twelve patients still had an 
Sao, <95% at the time they met discharge criteria 
(PAR score, 9 or 10). All those children, however, 
eventually attained an oxygen saturation of at least 
95% in room air before leaving the recovery room. 


Discussion 


Arterial oxygen desaturation in the postoperative 
period can be of particular significance because the 
level of vigilance may be decreased compared to that 
present during the intraoperative period. There are 
several possible reasons for the presence of arterial 
oxygen desaturation during the recovery period. Re- 
sidual intravenous or inhalation anesthetic agents 
may cause respiratory depression (3) and alter the 
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Table 2. Oxygen Saturation* in the Three Age Groups on Admission to the Recovery Room (No O,) 











Minimum Maximum 
Age (years) PAR score n Sao,(%) SEM Sao,(%) Sao0.(%) 
=2 =6 12 95 0.63 92 99 
7-10 17 94 1.38 94 99 
244 =6 25 95 0.82 85 100 
7-10 2 94 2.12 92 95 
>4 = 20 96 0.73 85 100 
7-10 5 96 0.68 95 98 
*Values are expressed as mean + SEM 
Table 3. Proportion of SaO, <95% and =9% Among any clinical evidence. They also found that children 
Patients Who Achieved Low or High PAR Scores in the who were more asleep had lower oxygen saturations. 
three Age Groups Increasing wakefulness seemed to be associated with 
Sao(%) higher oxygen saturations irrespective of whether or 
Age (years) PAR score <95 =95 P Value rot the child was crying. Recommendations were 
= = 5 G a made, based on these findings, to raise the inspired 
7-10 6 H , exygen concentration until children were more 
2-4 <6 7 18 >0.5 awake. Several PAR scores have been devised (2,8) to 
7-10 l l evaluate the degree of patient wakefulness in the 
24 ak K 14 >0.25 recovery room. A postanesthesia recovery room 
= 3 


(PAR) score was postulated to be an appropriate 
means of determining the end point of oxygen sup- 
ventilatory response to hypoxia and hypercapnia (4). plementation. In this study, PAR scores did not 
Delay in the return of full neuromuscular activity may correlate with oxygen saturations on admission to the 
inhibit the ventilatory effort necessary to overcome recovery room, i.e., while patients were breathing 
mild airway obstruction (3) or to allow coughing to room air. Aldrete (2) had originally suggested that a 
clear accumulated secretions. A reduced functional score of over 7 indicated that patients were ready for 
residual capacity and perhaps airway closure during safe discharge from the recovery room. We did not 
tidal breathing may predispose the infant or young observe any difference in the response to oxygen 
child, who is breathing spontaneously and unassis- therapy of children with scores of 7 and above and 
ted, to arterial oxygen desaturation after anesthesia these with scores below 7. The degree of increase of 
and surgery (5). Intraoperative hyperventilation and oxygen saturation in response to oxygen administra- 
the associated alkalosis may predispose the patient to tion, therefore, could not be predicted by the PAR 
a lower minute volume with subsequent hypercarbia, | score. The most disconcerting finding was that 12 
increased alveolar-arterial oxygen tension difference, patients with a PAR score of ten, hence fulfilling our 
arterial oxygen desaturation, and even hypoxemia discharge criteria in children, still had oxygen satu- 
during the period of unassisted spontaneous ventila- rations <95%. A resolving upper respiratory infec- 
tion. Hypothermia and shivering in the postoperative tion, shivering due to hypothermia, or splinting 
period increases oxygen consumption and decreases secondary to pain can be possible explanations for 
P¥.., which can further exaggerate hypoxemia in this observation. 
children. Room air may provide an inadequate oxy- In conclusion, our study confirms previous find- 
gen mixture at this juncture in the recovery room. ings that children recovering from anesthesia can 
The pulse oximeter is a noninvasive device that become hypoxemic in the postanesthesia recovery 
can be used for the detection of early hypoxemia room. We, however, could not determine any corre- 
before the development of such clinical signs as lation between the PAR score currently used as a 
cyanosis and bradycardia (6,7). Cyanosis may not be measure of wakefulness (and appropriate conditions 


clinically obvious or easily detectable because of fac- for discharge) and oxygen saturation as measured by 
tors such as increased skin pigmentation, reduced the pulse oximeter. Therefore, we recommend that 
lighting, anemia, or poor peripheral perfusion (7). unless oxygen saturation is monitored, all children 
Motoyama and Glazener (1) used the pulse oximeter should receive supplemental oxygen in the recovery 
to demonstrate that children recovering from anes- room. Children who are awake and yet not ade- 


thesia can become hypoxemic even in the absence of | quately saturated should be evaluated for other 
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causes of hypoxemia and monitored with the pulse 
oximeter for a longer period of time. Future studies 
might assess whether oxygen saturation monitoring 
should be included among other discharge criteria of 
PAR scoring systems. 





We thank Urs E. Ruttimann, PHD, for performing the statistical 
analysis in this study. 
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In Vitro Effect of Fresh Frozen Plasma on the Activated 
Coagulation Time in Patients Undergoing Cardiopulmonary Bypass 
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vitro effect of fresh frozen plasma on the activated 
coagulation time in patients undergoing cardiopulmonary 
bypass. Anesth Analg 1988;67:57-60, 


The in vitro effect of fresh frozen plasma (FFP) on the whole 
blood activated coagulation time (ACT) was examined in 18 
patients undergoing cardiopulmonary bypass (CPB) during 
coronary artery bypass graft surgery. The addition of FFP 
to whole blood in vitro, after systemic heparinization, 
significantly prolonged the ACT from 451 + 21 seconds 
(mean + se) to 572 + 41 seconds (P < 0.05). There was no 


Resistance to the anticoagulant action of heparin 
during cardiopulmonary bypass (CPB) is a serious 
concern and a poorly understood phenomenon. Al- 
though in most instances the desired prolongation in 
the activated coagulation time (ACT) is achieved by 
administration of additional heparin, this has not 
always been successful (1). Previous exposure to 
heparin (2,3) or a deficiency in antithrombin-III (AT- 
III) (1) have been suggested as possible causes. Ad- 
ministration of two units of fresh frozen plasma (FFP) 
to patients who demonstrated heparin resistance 
resulted in normalization of their heparin-ACT dose 
response curve and a decrease in total heparin re- 
quirements during CPB (4). These observations may 
be related to repletion of a deficient plasma factor 
such as AT-III. The present investigation was de- 
signed to determine the in vitro effect of the addition 
of FFP on the whole blood ACT, and to investigate a 
possible relation with AT-III activity. 
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significant correlation between the plasma antithrombin III 
activity and the prolongation in ACT after systemic hepa- 
rinization, with or without addition of FFP. The addition of 
FFP to whole blood in three of the six patients who exhibited 
heparin resistance (ACT <400 seconds after administration 
of 350 unit/kg heparin) did not prolong the ACT to >400 
seconds. These observations suggest that infusion of FFP 
will further prolong the ACT after heparin administration 
in most patients including some with initial heparin resis- 
tance. 


Key Words: BLOOD, coaGuLation—activated 
coagulation time. SURGERY—cardiovascular. 


Methods 


This study was approved by our institutional Human 
Research Review Committee. Eighteen patients (6 
women, 12 men) ages 43 to 78 years (mean 58) who 
underwent coronary artery bypass graft (CABG) sur- 
gery gave written informed consent to participate in 
the study. Patients with preoperative abnormalities 
in the prothrombin time or the activated partial 
thrombopastin time, or patients who had received 
anticoagulants or antiplatelet drugs for up to 1 month 
before surgery were excluded. Routine monitoring 
required for the management of these patients in- 
cluded insertion of peripheral arterial and triple- 
lumen flow-directed pulmonary artery catheters. All 
blood samples were drawn from the arterial line after 
disgarding the initial 10 ml of blood. Premedication 
consisted of diazepam 5 to 10 mg PO, scopolamine 
0.4 mg IM, and morphine 0.1 mg/kg IM. Anesthesia 
was induced and maintained with a high-dose nar- 
cotic technique involving fentanyl, pancuronium, 
and oxygen (Fio, 1.0). Mechanical ventilation main- 
tained normocarbia. 

Three ACTs were performed immediately before 
and five minutes after administration of 350 unit/kg 
porcine heparin (Elkins Sinn Inc.). The first was a 
whole blood ACT (2.0 ml) without additives; the 
second and third were measured in whole blood (1.8 
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ml) with added FFP (0.2 ml) or saline (0.2 ml) as 
control. In all of the studies reported here the FFP 
added was from the same unit that had been thawed 
and stored as multiple 1-ml aliquots at —70°C. The 
AT-III activity in the additive FFP was within normal 
limits (80-113%). ACT was determined by rotating 
whole blood at 37°C in glass tubes in the presence of 
diatomaceous earth and a small magnet, in a Hema- 
chron (International Technidyne Corporation, Edi- 
son, NJ). To insure that the time delay inherent in 
sequential measurements was not a source of error, 
whole blood ACTs were performed on additional 
blood samples obtained 20 minutes after heparin 
administration and compared with the ACT values of 
samples obtained 5 minutes after heparin administra- 
tion. Plasma AT-III activity was measured using a 
chromogenic substrate S-2238 (Helena Laboratories, 
Beaumont, TX) (5) in blood samples obtained imme- 
diately before the administration of heparin. 

All data are expressed as means + se. The paired 
Student's t-test was used for analysis of ACT data. A 
P value <0.05 was considered significant. Correla- 
tions between plasma AT-III activity and the posthe- 
parin ACT values were examined by linear regression 
analysis using the method of least squares. Heparin 
resistance was defined by prolongation of the whele 
blood ACT to <400 seconds (6) after administration of 
350 unit/kg heparin. 


Results 


The addition of FFP or saline to preheparin samples 
did not result in significant prolongation of the ACT 
(Fig. 1A). Addition of FFP, but not saline, to posthe- 
parin samples resulted in an increase in ACT from 
451 + 21 to 572 + 41 seconds, P < 0.05, (Fig. 1B). In 
control experiments no significant difference was 
observed between ACTs from whole blood samples 
drawn at 5 and 20 minutes after heparinization of the 
patient. 

Six of the 18 patients studied exhibited heparin 
resistance with a postheparin ACT of 346 + 45 
seconds compared with a postheparin ACT of 470 + 
18 seconds in the remainder. In all six patients there 
was further prolongation of the ACT on addition of 
FFP (Fig. 2). However, in three of these patients, the 
ACT failed to prolong to 400 seconds or greater after 
addition of FFP (responders, 496 + 66 seconds; non- 
responders, 371 + 48 seconds). These three patients 
had the shortest postheparin ACT without added 
FFP. 

The relation between the plasma AT-III activity 
and the prolongation of the ACT after systemic 
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Figure 1. Effect of the in vitro addition of FFP or saline on the 
whole blood ACT. (A) Before systemic administration of heparin, 
no prolongation of the ACT was observed. (B) Addition of FFP but 
not saline after systemic administration of heparin resulted in 
significant prolongation of the ACT (P < 0.05). 


heparin administration was examined in heparin- 
responsive and -resistant patients and no significant 
correlation was found. Similarly, there was no signif- 
icant correlation between plasma AT-III activity and 
the ACT of postheparin samples supplemented with 
FFP (Fig. 3). 

The mean plasma AT-III activity in the patients in 
this investigation was 79 + 4%, which is significantly 
lower (P < 0.05) than that obtained in a group of 
normal subjects (n = 11) consisting of laboratory 
personnel between the ages of 20-50 years (96 + 2%). 


Discussion 


The in vitro addition of FFP to whole blood signifi- 
cantly prolonged the postheparin ACT in this group 
of patients undergoing CABG surgery. Dilutional 
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Figure 2. Effect of the in vitro addition of FFP on the ACT after 
systemic heparin administration in heparin-resistant patients (n = 
6). 


effects were not responsible for these results because 
addition of an equal amount of saline in control 
experiments failed to prolong the ACT. In a previous 
study (4), infusion of two units of FFP to heparin- 
resistant patients about to undergo CPB consistently 
prolonged the ACT into the desired range without 
administration of additional heparin. The dilutional 
factor in the study by Sabbagh et al. (4) (260-520 ml 
FFP added to a blood volume of 3600-5000 ml) is 
comparable to ours (0.2 ml FFP added to 1.8 ml whole 
blood). Use of the 0.2 ml dilution of the whole blood 
ACT in vitro with FFP was an attempt to approximate 
the conditions of the in vivo study by Sabbagh et al. 
(4) without exposing patients to the risk of transfu- 
sion-related infections. Our study shows the salutary 
effect of FFP on heparin-induced prolongation of the 
ACT in both heparin-responsive and -resistant pa- 
tients. However, this effect was variable and, in 
contrast to the study of Sabbagh et al. (4), not all of 
the heparin-resistant patients responded to the addi- 
tion of FFP with a prolongation of the ACT to 400 
seconds or greater (Fig. 2). The difference between 
the two studies may be related to dissimilar patient 
populations, definitions of heparin resistance, or 
ranges of acceptable anticoagulation for institution of 
CPB. 

The choice of 350 unit/kg heparin for anticoagula- 
tion of patients before institution of CPB was an 
arbitrary one, but falls within the usual clinical range 
of 300-400 unit/kg and well within the range of 
200-800 unit/kg previously reported (2). The inci- 
dence of heparin resistance may to some extent 
depend on the initial amount of heparin adminis- 
tered. Patients vary in their sensitivity to heparin, 
and heparin requirements may span a 12-fold range 
(7). Thus, a larger initial dose of heparin may have 
decreased the number of patients designated resis- 
tant in this study, but at a cost of overdosing others. 
Administering an additional 20-50% of the initial 
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Figure 3. Relation between plasma AT-M activity measured in 
samples obtained before heparin administration and the prolonga- 


tion in ACT after in vitro addition of FFP to whole blood samples 
obtained from systematically heparinized patients. 


dose of heparin to resistant patients allowed safe 
institution of CPB in our study population. 

Heparin prolongs the coagulation time by acceler- 
ating the inhibition of thrombin by AT-II, the major 
inhibitor in plasma of serine proteases including 
thrombin. This has led some investigators to postu- 
late that the prolongation of the ACT after adminis- 
tration of FFP was related to AT-II supplementation 
(1,2). A recent study examined the effect of adminis- 
tration of AT- concentrates on heparin consump- 
tion in patients undergoing CPB for CABG surgery 
(8). Results indicated the addition of AT-M led 
to a significant increase in the sensitivity of their 
patients to heparin and a significant decrease in 
heparin consumption. Interestingly, in that study 
the AT-III activity in plasma samples obtained before 
heparinization was found to be in the lower range 
of normal in all patients. This is consistent with 
our findings and those of another study (9) showing 
that plasma AT-M activity in patients with coronary 
artery disease is decreased compared to normal sub- 
jects. 

In this study, no relation was found between 
preoperative AT-M levels and the response to the in 
vitro addition of FFP. This does not mean that the 
addition of AT-III in FFP was not responsible for the 
effect, but only that measurement of preoperative 
AT-M activity does not allow one to predict which 
patients will respond to FFP. Moreover, plasma fac- 
tor(s) other than AT-II, e.g., heparin cofactor I (10), 
may be responsible for the synergistic effect of FFP on 
ACT prolongation in heparinized patients undergo- 
ing CABG surgery. This area needs further explora- 
tion. 

In summary, the in vitro addition of FFP to whole 
blood samples obtained after heparin administration 
from patients about to undergo CABG surgery pro- 
duced significant augmentation of the ACT. How- 
ever, in some heparin-resistant patients this effect 
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may not be sufficient to prolong the ACT to levels 
acceptable for institution of CPB. 
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Long-Term Bupivacaine Infusion Does Not Alter the Acute Seizure 


Threshold to Bupivacaine in Rats 


B. Skeie, Mp, N.K. Meidell, Mp, and P.A. Steen, MD 


SKEIE B, MEIDELL NK, STEEN PA. Long-term 
bupivacaine infusion does not alter the acute seizure 
threshold to bupivacaine in rats. Anesth Analg 1988; 
67:61-3. 


Rats were given a continuous subcutaneous infusion of 
either bupivacaine (n = 18) or placebo (n = 17) for 4 days. 
On the 5th day the acute seizure threshold to intravenous 
bupivacaine was determined in both groups. Blood and 
brain concentrations of bupivacaine at the onset of seizures 


skowed no difference between the two groups, whereas the 
seizure dose was decreased in the bupivacaine group. The 
tachyphylaxis observed when bupivacaine is used for a 
regional nerve blockade does not seem to evolve for the 
central nervous system effects. 


Key Words: ANESTHETICS, tocat—bupivacaine. 
PHARMACOLOGY—tachyphylaxis. TOXICITY— 
bupivacine. 





The continuous infusion or intermittent injection of 
local anesthetic agents into the epidural or subdural 
space has been employed for prolonged surgical 
procedures or to provide an extended period of 
postoperative pain relief. However, tachyphylaxis, or 
acute tolerance, has been observed to occur after the 
continuous or repeated administration of local anes- 
thetic agents into the subarachnoid or epidural space 
(1-3). Tachyphylaxis of this type may be defined as a 
decrease in analgesic response to the repeated injec- 
tion of a constant dose of local anesthetic. Repeated 
injections or prolonged infusions of local anesthetic 
agents may thus be associated with decrease in 
segmental spread, duration of action, and quality of 
the nerve blockade (2). 

The etiology of local anesthetic tachyphylaxis has 
not been completely defined. The portion of the local 
anesthetic dose reaching the receptors may decline 
with successive injections, or an increase in receptor 
sensitivity may develop. Local anesthetic agents 
readily cross the blood-brain barrier to cause central 
nervous system (CNS) effects. Impulse conduction 
within the CNS is believed to be blocked through a 


Received from the Department of Anesthesiology and the 
Institute for Experimental Research, Ullevaal Hospital, University 
of Oslo, Oslo, Norway. 

Accepted for publication September 8, 1987. 

Address correspondence to Dr. Skeie, Department of Anesthe- 
siology, Ullevaal Hospital, University of Oslo, 0407 Oslo 4, Nor- 
way. 


©1988 by the International Anesthesia Research Society 


membrane-stabilizing action in the same way as in 
the peripheral nerves (4). 

The aim of our study was to determine if 
tachyphylaxis develops for the CNS effects of bupi- 
vacaine by testing whether the seizure threshold of 
bupivacaine increases in rats pretreated with a sub- 
convulsant dose of bupivacaine over a period of time. 
A previous study by our group (5) indicated that the 
CNS toxicity to bupivacaine was not altered after 
pretreatment with a nontoxic infusion of bupiva- 
caine. However, in that study the blood concentra- 
tion of bupivacaine during the pretreatment period 
was low (2-3% of seizure levels) and may not have 
been sufficient to develop CNS tolerance. Because of 
the low bupivacaine levels, we found no difference in 
the acute seizure dose between the placebo- and 
bupivacaine-pretreated groups. In view of this, we 
found the present study necessary, to make sure that 
the results from our first study also were valid when 
higher bupivacaine doses were given over a period of 
time before the determination of the acute seizure 
threshold. 


Materials and Methods 


Thirty-five young adult (approximately 60 days old) 
male rats (Mol:WIST) were included in a blind, ran- 
domized, and parallel group study. On the first day 
two osmotic pumps (Alzet model 2ML 1) were im- 
planted subcutaneously under general anesthesia 
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(Hypnorm Vet Mekos 0.05-0.1 ml/100 g intraperito- 
neally) in each rat. The osmotic pumps were filled 
with either 4 ml bupivacaine (2 ml each) or saline 
0.9%. For 4 days the rats lived normally while the 
osmotic pumps delivered the solution into the tissue 
(20 ul/hr). On day 5 the rats were weighed anc a 
continuous infusion with bupivacaine (1.25 mg/ml at 
20 ml/hr) was started. No other medication was 
given. When seizures developed clinically, an intra- 
cardiac blood sample was drawn, the cranium was 
opened, and the whole brain was excised. The blood 
sample and the brain tissue were immediately frozen 
and stored. There were no problems in collecting 1-2 
ml of blood intracardially through a needle into the 
chestwall when seizures started. The blood samp es 
and the brain tissue were analyzed for bupivacaine 
per milliliter blood and per gram brain tissue, respee- 
tively (ASTRA, Research and Development Labora- 
tories, Sadertelje, Sweden). The brain concentrations 
of bupivacaine were measured after the whole brain 
was homogenized at 0°C. Statistical analysis was 
made using the Wilcoxon two-sample rank sum test. 
P < 0.05 was considered statistically significant. 


Results 


A pilot study was first performed in a separate group 
of rats to establish that the bupivacaine solution 
entered the bloodstream and the brain tissue from the 
subcutaneously implanted pumps. Blood concentra- 
tions of bupivacaine after 4 days were 0.38 + 0.1 
ug/ml (median + sp, n = 5) and brain concentrations 
were 0.3 + 0.1 ug/g (n = 3). 

We found no difference in weight on day 5 be- 
tween the rats pretreated with placebo and these 
pretreated with bupivacaine (placebo group: 246.8 = 
42.5 g, n = 17; bupivacaine group: 247.8 + 44.3 g, n = 
18). The seizure dose and the blood and brain cen- 
centration of bupivacaine at the onset of seizures in 
the rats pretreated with bupivacaine and in the pla- 
cebo group are given in Table 1. There is a statistically 
significant decrease in the seizure dose (P < 0.02) in 
the bupivacaine group. There are no differences in 
blood and brain concentrations of bupivacaine at the 
onset of seizures between the two groups. 


Discussion 


Our study indicates that the CNS toxicity evaluated 
by the seizure threshold of bupivacaine does not 
change after pretreatment for 4 days with a non-toxic 


SKEIE ET AL 


Table 1. Values at Onset of Seizures for Placebo- and 
Bupivacaine-Pretreated Groups 


Pretreatment 
Bupivacaine Placebo 
(n = 18) (n = 17) 
Bupivacaine dose (mg/kg) S2 1.9* 6.6 + 2.0 
Bupivacaine blood concentration 4.0 + 1.4! LLE 13 
(g/ml) 
Bupivacaine brain concentration 10.1 + 3.3? 10.232 
(ug/g) 


Values are expressed as mean + sp, 

“P < 0.02 

tP = NS 
infusion of bupivacaine. The reduced seizure dose in 
the group pretreated with bupivacaine is explained 
by the bupivacaine levels in blood before the seizure 
induction. The rats received the bupivacaine infusion 
over 4 days, which should be a sufficient period to 
establish tachyphylaxis. The development of toler- 
ance observed when local anesthetics are used for a 
regional nerve blockade does not seem to evolve for 
the CNS effects of bupivacaine. This supports the 
findings we previously reported (5). In that study, 
however, the dose of bupivacaine infused before the 
seizure induction was much lower (blood concentra- 
tion, 0.08 + 0.04 ug/ml), and might have been too low 
to induce tolerance. 

The two groups seemed to behave identically dur- 
ing the study period. We also found no difference in 
the mean weight between the bupivacaine- and pla- 
cebo-pretreated groups after 4 days, which indicates 
that the behavior with regard to eating, drinking, and 
drowsiness was identical, and that no major electro- 
lyte or metabolic changes took place in the bupiva- 
caine group that might have resulted in an alteration 
in the seizure threshold of its own. However, we 
weighed the rats only on day 5 and thus cannot be 
sure that the groups were comparable with regard to 
weight at the initiation of the study, even if the rats 
were in the same age group and had the same sex. 

Most of the local anesthetics demonstrate anticon- 
vulsant activity in low doses. The anticonvulsant 
activity occurs at doses and blood levels considerably 
lower than the levels associated with seizure activity 
(4). With higher dosages, however, local anesthetics 
may produce convulsions. The excitatory effect of 
local anesthetic agents in the brain involves a selec- 
tive blockade of inhibitory pathways in the cerebral 
cortex (6). After this period of CNS excitation, a 
further increase in the amount of local anesthetic 
drug administered results in generalized CNS de- 
pression. 

Local anesthetic drugs act on excitable membranes; 
in the CNS the inhibition of conduction of nerve 
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impulses acts to stabilize membranes in the same way 
as in peripheral nerve membranes (4). We adminis- 
tered the bupivacaine as a peripheral continuous 
infusion; consequently, no anatomic injuries caused 
by successive injections or the solution itself occurred 
in the tissue surrounding the CNS nerves. Assuming 
that the mechanism of action of bupivacaine in the 
CNS and in the peripheral nerve system is the same, 
the lack of tolerance development may indicate that 
the tachyphylaxis observed for regional blockades is 
caused by a decrease in the portion of local anesthetic 
reaching the receptors and not by a reduction at the 
receptor levels. Several factors may be at work in 
reducing the dose reaching the nerve membrane (7); 
important among these are anatomoc causes (edema, 
local hemorrhage, clot formation, or transudate) that 
tend to isolate the nerve from contact with the anes- 
thetic solution. Hypernatremia and low pH of the 
injected solution may also reduce the quantity of 
anesthetic available for diffusion (2,3). A lowering of 
the pH tends to decrease the amount of local anes- 
thetic in the base form which is responsible for 
diffusion through the nerve membrane (3). 

We found that long-term bupivacaine infusion 
does not alter the seizure threshold of bupivacaine. 
The development of tachyphylaxis during a periph- 
eral nerve blockade depends on the timing of succes- 
sive doses (2) and the numbers of re-injections re- 
quired (2,8). If the intervals between injections are 
long enough to allow analgesia to wear off com- 
pletely, the next dose will have to be increased by 
25-30% above that of its immediate predecessor to 
maintain a stable level of analgesia (2). Because we 
have found that the seizure threshold for bupivacaine 
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does not alter, the resultant need for an increased 
dose will decrease the therapeutic index (the analge- 
tic/toxic dose). The clinical applications of these find- 
ings are that successive doses should be given before 
the effect of the previous dose has worn off, and that 
long-acting agents are required to reduce the need for 
frequent re-injections (8). 


We thank ASTRA Lakemedel, Sedertelje, Sweden, for supplying 
the bupivacaine solution and for performing the analysis of bupi- 
vacaine in the blood and brain. 
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Neonatal Neurobehavior after Epidural Anesthesia for 


Cesarean Section: 


A Comparison of Bupivacaine and Chloroprocaine 


Betty R. Kuhnert, php, Mary J. Kennard, ssn, and Patricia L. Linn, PhD 


KUHNERT BR, KENNARD MJ], LINN PL. Neonatal 
neurobehavior after epidural anesthesia for cesarean 
section: a comparison of bupivacaine and chloroprocaine. 
Anesth Analg 1988;67:64-8. 


Reports of whether or not bupivacaine affects neonatal 
neurobehavior have been contradictory. The purpose of this 
study was to test the hypothesis that scores on the Brazelton 
Neonatal Behavioral Assessment Scale (BNBAS) after epi- 
dural anesthesia with bupivacaine for cesarean section 
would not be different than those after chloroprocaine. 
Furthermore, if there were any effects, it was hypothesized 
that they would be related to cord blood levels of the drug. 
Fifty-five healthy mother/infant pairs were studied, Climecal 
characteristics, pharmacologic data, and BNBAS scores 
were obtained and analyzed using statistical techniques that 


Bupivacaine is used almost exclusively for obstetric 
epidural anesthesia in many institutions. Several of 
the reasons that it is favored are 1) its metabolites are 
probably inactive, 2) little active drug is thought to 
reach the infant because of the extensive binding of 
the drug to maternal plasma proteins, and 3) it has a 
long duration of action and good dissociation be- 
tween sensory analgesia and motor blockade. How- 
ever, considerable placental transport has been dem- 
onstrated (1,2). Because bupivacaine does cross the 
placenta, it is important to know if it has any adverse 
neurobehavioral effects on the infant. 

Despite its widespread use, particularly for cesar- 
ean section, there is lack of agreement as to whether 
bupivacaine has adverse neonatal neurobehavioral 
effects (3). None of the studies using the Scanlon 
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included t-tests, repeated measures analysis of variance, 
cad stepwise multiple regression. The results indicate that 
ı tfants in the bupivacaine group do significantly better than 
those in the chloroprocaine group in the orientation cluster 
of the BNBAS (F[1,49] = 22, P < 0.001); this cluster 
reflects higher cortical functioning. Furthermore, there was 
improvement in the bupivacaine group in the regulation of 
state cluster with age, whereas there was no improvement 
in the chloroprocaine group (F[1,53] = 4.34, P < 0.01). 
This study suggests that performance on the BNBAS after 
exposure to bupivacaine is better than that after exposure to 
chloroprocaine. 


Key Words: ANESTHESIA—obstetric. 
ANESTHETICS, tocat—bupivacaine, 
chloroprocaine. 


Early Neonatal Neurobehavioral Scale (ENNS) (4) or 
the Neurologic and Adaptive Capacity Scoring Sys- 
tem (NACS) (5) has demonstrated any adverse effects 
due to bupivacaine (6-8), except for a depression of 
the sucking response at 24 hours (9), or any differ- 
ences between bupivacaine and chloroprocaine (7). 
On the other hand, significant and consistent long- 
term neonatal effects of bupivacaine have been re- 
ported using the Brazelton Neonatal Neurobeha- 
vioral Assessment Scale (10) (BNBAS) (11,12). 

All of these previous studies have been criticized 
because of inappropriate control groups, inappropri- 
ate data analysis, or lack of attention to confounding 
clinical variables (3). To resolve this controversy, our 
purpose was to determine whether bupivacaine has 
any adverse effects on the BNBAS when compared 
with chloroprocaine and whether these effects are 
related to cord blood bupivacaine levels. 


Materials and Methods 


Fifty-five infants delivered by elective cesarean sec- 
tion under epidural anaesthesia were studied. Twen- 
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ty-nine of the mothers received bupivacaine (23 re- 
ceived 0.5%, 7 received 0.75%), and 26 received 
chloroprocaine (3%). The local anesthetics did not 
contain epinephrine and the mothers were not pre- 
medicated. The chloroprocaine subjects (except for 
one patient) were historical controls (13) because 
chloroprocaine is currently used infrequently at our 
institution. All parturients were at term with uncom- 
plicated pregnancies:and delivered normal infants. 
The study was approved by the Human Investigation 
Committee of Cleveland Metropolitan General Hos- 
pital, and informed consent was obtained from each 
mother before surgery. 

Because a nonmedicated control group cannot ex- 
ist for cesarean sections, chloroprocaine was chosen 
for the “control” group. This seemed reasonable 
because a previous study in vaginally delivered in- 
fants exposed to chloroprocaine suggested that their 
performance on the BNBAS was very similar to those 
delivered without medication (14). 

Clinical characteristics and pharmacologic data 
were recorded for each patient. These included ma- 
ternal age, race, gravidity, parity, neonatal gesta- 
tional age, Apgar scores at 1 and 5 minutes, birth 
weight, cord vein pH, sex of the infant, drug used for 
epidural anesthesia, together with concentration, 
number of injections, total milligrams administered, 
drug-to-delivery time interval for the first and last 
dose (DDI), and cord vein drug levels. Local anes- 
thetic levels in cord blood were measured as reported 
previously (1,15). l i 

Examinations using the BNBAS were also per- 
formed as reported previously (13,16). All infants 
were tested twice, once.at <12 hours of age and once 
at 3 days of age. The same examiner or an examiner 
with established reliability with the primary examiner 
took part in both studies. Performance was scored 
using the seven a priori behavioral clusters suggested 
by Lester et al. (17). These include clusters of the 
habituation, orientation, motor, range of state, regu- 
lation of state, autonomic regulation, and number of 
abnormal reflexes. 

The data were analyzed in the following manner. 
First, clinical and pharmacologic variables of the two 
patient groups were compared by t-tests and signifi- 
cantly different confounding clinical variables that 
might affect cluster scores were noted between the 
groups. Next, whether infants exposed to bupiva- 
caine differed from the chloroprocaine group was 
addressed using a repeated measures analysis of 
variance controlling for significant confounders noted 
in the t-tests. This analysis was designed to deter- 
mine whether the Brazelton scores were affected by 
drug choice, time when the BNBAS scores were 


Teble 1. Maternal Characteristics (X + sp) 


Chloroprocaine Bupivacaine 
Characteristics (n = 26) (n = 29) P = Value 
Age 2545 28 + 6 0.04 
Gravidity 3.5 + 1.4 2.9+1.3 NS (0.07) 
Parity 1.8 + 0.8 1.7412 NS 
Hypotension N (%) 6 (23) 7 (24) NS 


Table 2. Neonatal Characteristics (X + sp) 
Chloroprocaine Bupivacaine 


Characteristics (n = 26) (n = 29) P Value 
Gestational age (weeks) 39 + 0.9 39 + 1.3 NS 
Bicthweight (g) 3381 + 471 3355 + 502 NS 
Apgar <7 at 1 minute 0 1 3 
Apgar <7 at 5 minutes 0 0 
Cord vein pH 7.30 + 0.05 7.32+0.05 NS 
Sex l 

Male 16 12 
- Female 10 17 
Age at first examination 3.1 + 1.3 3.4 + 2.5 NS 
(hours) 


obtained, or an interaction between the two. For 
those clusters where differences were noted, step- 
wise multiple regression was used to determine 
whether cord vein drug levels affected scores on the 
individual clusters when confounding clinical vari- | 
ables were controlled. A difference in cluster scores of 
at least one scale point (18) and a P < 0.05 were 
required for establishing statistical significance. 


Results 


The clinical characteristics of the mothers and neo- 
nates are shown in Tables 1 and 2. Mothers who 
received chloroprocaine were somewhat older and of 
higher gravidity but not parity. For these reasons, 
gravidity and age were used as covariates in the 
repeated measures analysis of variance and in the 
stepwise multiple regression for each cluster where 
differences between the groups were found. 

The pharmacologic characteristics of the two 
groups are shown in Table 3. It was expected that 
these variables would be different based on the 
characteristics of the two drugs. The difference in the 
time between delivery and the last dose of the drugs 
was examined as a potential confounding variable. 

Choice of drug was statistically significant and 
resulted in a difference of at least one scale point for 
the orientation cluster (F[1,49] = 22, P < 0.001) (Fig. 
1). Neonates in the bupivacaine group performed 
better than those in the chloroprocaine group. This 
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Table 3. Pharmacologic Characteristics of Study 
Population (X + sp) 


Chloroprocaine Bupivacaine P Value 
Number of doses 23 £31 13+0.5 0.0002 
Dosage (mg) 847 + 231 138 + 34 0.00901 
DDI" 

First 43 + 23 41 +11 NS 
Last BER 31 + 16 0.01 
Cord vein drug levels 5+1 288 + 13 0.00901 

(ng/ml) 


*Drug to delivery intervals (min) between first and last injections of 
epidural local anesthetics. 
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Figure 1. The effect of drug choice on orientation cluster peror- 
mance. 


was true even when parity, age, and final drug to 
delivery interval were entered as covariates. Standard 
deviations for the first and second examinatiens 
were 1.5 and 1.1 for infants in the chloroproca:ne 
group and 1.4 and 0.9 for infants in the bupivaca:ne 
group, respectively. No significant correlation could 
be found between cord vein bupivacaine levels and 
performance on the orientation, cluster. The interval 
between the last epidural injection and delivery did 
account for a significant percentage of the variance in 
performance on the <12 hour examination when 
stepwise multiple regression was used (F[7,16] = 7.5, 
P < 0.001). Twenty percent of the variance was 
accounted for; the longer the interval between the last 
injection of local anesthetic and delivery, the poorer 
the test score. 
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Figure 2. Effect of age on performance on the Brazelton clusters. 


Figures 1, 2, and 3 summarize the results of the 
repeated measures analysis of variance. Both groups 
of neonates had statistically significant improvements 
in test scores with age for the motor, (F[1,53] = 46) 
reflex, (F[1,53] = 41) autonomic (F[1,53] = 11), and 
orientation (F[1,50] = 11) clusters. There was margin- 
ally significant improvement (F[1,53] = 3.7, 
P = 0.059) in the range of state cluster. For the 
regulation of state cluster, there was a significant 
interactive effect between drug and test day 
(F[1,53] = 4.34); only the neonates in the bupivacaine 
group improved (Fig. 3). Standard deviations for the 
first and second examinations were 1.2 and 1.0 for the 
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Figure 3. Lack of improvement in regulation of state in the 
chloroprocaine group. 


infants in the chloroprocaine group and 1.1 and 0.9 
for the infants in the bupivacaine group, respectively. 
In general, there was a trend for the bupivacaine 
group to perform more favorably than the chloropro- 
caine group on most of the clusters. This was partic- 
ularly true for the second exams (Fig. 1, 2, and 3). 


Discussion 


The purpose of this study was to test the hypothesis 
that operatively delivered infants whose mothers 
received epidural anesthesia with bupivacaine would 
perform as well as those whose mothers received 
chloroprocaine when confounding clinical and phar- 
macologic variables were controlled. The results sug- 
gest that infants born of mothers delivered under 
bupivacaine epidural anesthesia do better than do 
infants delivered under chloroprocaine epidural an- 
esthesia on several clusters of the BNBAS. 

Cesarean section deliveries were chosen for study 
for several reasons. First, all the possible obstetric 
confounders related to duration of labor, use of 
forceps, oxytocin, and so on were eliminated. Sec- 
ond, higher doses of epidural local anesthetics are 
used for cesarean deliveries than for vaginal deliver- 
ies. Thus, if effects were to be seen that were due to 
drug choice alone, they should be more obvious in 
neonates delivered by cesarean section. However, 
the disadvantage of the design of the present study is 
that true, nonmedicated controls are not possible. 

The use of an historic control group, although not 
desirable, was unavoidable in this study; chloropro- 
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caine is rarely used any more for obstetrical anesthe- 
sia in our institution. The present comparisons and 
conclusions deserve, therefore, to be interpreted cau- 
tiously for this reason. However, it should be pointed 
out that the local anesthetic blood levels were mea- 
sured in the same laboratory, the same examiner did 
most of the examinations, and the philosophy of 
clinical care did not change over the time of data 
collection. Our institution is a teaching hospital and 
most of the care in both groups was provided by 
residents. 

Chloroprocaine was a logical choice for a “control” 
group because of its pharmacology. Whereas bupiva- 
caine is an amide local anesthetic with a long half-life, 
chloroprocaine is an ester-linked local anesthetic me- 
tabolized by plasma cholinesterase. The in vitro half- 
life of chloroprocaine is measured in seconds and its 
in-vivo half-life after epidural anesthesia is measured 
in minutes (19). Thus, only trace levels of active drug 
reach the infant (20). In a study designed to compare 
vaginally delivered infants exposed to chloroprocaine 
with neonates delivered without medication, only 
one difference was found on either test day for the 
seven clusters of the BNBAS (vide infra) (14). Thus, 
chloroprocaine was expected for the present pur- 
poses to approximate a ‘‘nonmedicated’’ control 
group of cesarean-delivered infants. The results of 
this study suggest that neonates exposed to bupiva- 
caine actually do better than those exposed to chlo- 
roprocaine. 

The bupivacaine neonates in the present study did 
clinically and statistically better on the orientation 
cluster of the BNBAS. The cluster includes orienta- 
tion to visual and auditory stimulation and alertness. 
Thus, items that reflect cortical functioning, as op- 
posed to brain stem function (i.e., reflexes), seem to 
be affected by chloroprocaine. Furthermore, infants 
exposed to bupivacaine, but not to chloroprocaine, 
had improved performance with age on the regula- 
tion of state cluster. This cluster contains items re- 
flecting cuddliness, consolability, self-quieting, and 
hand-to-mouth activity that are related to the infant's 
ability to interact with its caretaker (21). Infants 
delivered vaginally without medication show im- 
provement on this cluster (14), whereas those deliv- 
ered vaginally with meperidine (16), chloroprocaine 
(14), or other drugs (17), or delivered operatively with 
lidocaine (13) or chloroprocaine (13), do not. Thus, in 
this cluster, the bupivacaine group is closer to a 
nonmedicated control group than to any of the other 
drug groups. 

The results of this study are in partial agreement 
with some of the earlier reports because no adverse 
effects due to bupivacaine were found on clusters that 
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reflect muscle tone. These findings agree with reports 
from studies that used either the ENNS or NACS 
(4,6-8); both of these assessments emphasize muscle 
tone (4,5). However, in contrast to an earlier study of 
vaginally delivered infants (12), we could not find 
any relations between cord vein drug levels of bupi- 
vacaine and neurobehavioral performance. This cif- 
ference may be due to the method of delivery. Cln- 
ical factors such as method of delivery (13), length of 
labor, and so on are well known to influence BNBAS 
performance (21,22). 

It is unclear at this time why exposure to bupiva- 
caine would improve performance on the BNBAS 
when compared with a drug that barely reaches the 
fetus in an active form. One could speculate that the 
metabolites of chloroprocaine (2-chloroaminobenzoic 
acid or diethylaminoethanol) may be pharmacologi- 
cally active at the levels occurring after epidural 
anesthesia. However, at the present time there is no 
pharmacologic evidence for this speculation. Never- 
theless the results of this study support our previous 
suggestion that chloroprocaine may not be com- 
pletely innocuous to the infant (14). 
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Cimetidine Does Not Affect Plasma Cholinesterase Activity 


J. Reddy Kambam, mp, and John J. Franks, MD 


KAMBAM JR, FRANKS JJ. Cimetidine does not affect 
plasma cholinesterase activity. Anesth Analg 
1988;67:69-70. ` 


Blood samples were drawn from 10 ASA physical status 1 
and 2 patients before (baseline) and after the administration 
of cimetidine to determine the in vivo effect of cimetidine on 
plasma cholinesterase (PCHE) activity. The in vitro effects 
of cimetidine at different plasma concentrations were also 
studied using the same blood samples. PCHE activity in the 
baseline samples was 432 + 4.6 (mean + sem) U/ml, the 
dibucaine number 82. Administration of oral cimetidine 





(300 mg) the night before and 2 hours before surgery, failed 
to have any effect on PCHE activity (no in vivo effect). 
Plasma cholinesterase activity in the presence of cimetidine 
in vitro at plasma concentrations of 1.5, 15, 150, and 1500 
ug/ml was 428, 420, 397, and 177 U/ml, respectively. 
Thus, in vitro data showed that cimetidine at plasma 
concentrations (1.5 to 15 pg/ml) achieved with clinical 
doses also has no effect on PCHE activity. 


Key Words: NEUROMUSCULAR RELAXANTS— 
succinylcholine. ENZYMES—pseudocholinesterase. 
HISTAMINE—cimetidine. 





We have recently shown that cimetidine potentiates 
the duration of action of succinylcholine in humans 
(1). The mechanism by which cimetidine prolongs 
succinylcholine action is not known. Data from the 
recent literature also suggest that cimetidine potenti- 
ates the central nervous system toxicity caused by 
2-chloroprocaine in mice (2). The mechanism for 
these adverse effects associated with the administra- 
tion of cimetidine on succinylcholine and 2- 
chloroprocaine could be that cimetidine inhibits 
plasma cholinesterase (PCHE) activity. Therefore, we 
studied the effects of cimetidine both in vitro and in 
vivo on PCHE activity. 


Methods 


We studied 10 ASA physical status 1 and 2 patients 
(ages 20-55 years, both sexes) who were to receive 
oral cimetidine 300 mg at bed time the night before 
and also 2 hours before the scheduled surgery the 
following morning. These patients were receiving no 
other medications known to suppress plasma choli- 
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nesterase (PCHE) activity. Five milliliters of hepari- 
nized blood was collected before the first dose of 
cimetidine (baseline sample) and also just before the 
commencement of surgery. Plasma was separated 
from the blood samples and used for PCHE assay and 
dibucaine numbers (DN). Plasma cholinesterase ac- 
tivity was also studied in vitro at plasma cimetidine 
concentrations of 1.5, 15, 150, and 1500 ug/ml. The 
baseline plasma samples were used for in vitro stud- 
ies. 

Informed consent was obtained from all the pa- 
tients with prior approval of our Institutional Review 
Board for the Protection of Human Subjects. A kinetic 
method described by Zapf and Coghlan (3) was used 
in the determination of PCHE activity and DN. 

Analysis with one-way analysis of variance 
(ANOVA) and testing by the Newman-Keuls multi- 
ple range test were used to compare the in vitro 
effects of cimetidine with the baseline. Student’s 
t-test was used to determine the significance of dif- 
ference between the baseline and postcimetidine (in 
vivo effect) PCHE activities. A difference was consid- 
ered significant if P < 0.05. Data are reported as mean 
+ 5EM. 


Results 


Table 1 contains the summary of the results. All 
pacients had normal dibucaine numbers (DN values 
of 80-88). No significant difference in the PCHE 
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Table 1. Effect of Cimetidine on PCHE Activity 


PCHE activity 
(mean + 
Group* sem) (U/ml) P 
Baseline 432 + 4.6 -= 
In vivo: after cimetidine 438 + 6.2 NE 
In vitro: after 
cimetidinet 
1.5 pg/ml 428 + 4.7 NS 
15.0 ug/ml 420 + 5.4 NS 
150.0 ug/ml 397 + 4.2 <U.05 
1500.0 ug/ml 177 + 6.8 <0.05 


*n = 10 each group. 
tCimetidine plasma concentrations. 


activity was seen between the plasma samples col- 
lected before and after the administration of cimeti- 
dine to the patients (in vivo effects), nor was an in 
vitro effect seen when plasma samples were tested for 
PCHE activity with cimetidine concentrations (1.5-15 
ug/ml) that are usually achieved when clinically ef- 
fective doses of cimetidine are administered. 


Discussion 


Cimetidine, a histamine receptor 2 antagonist, is 
associated with a relatively low incidence of side 
effects, but side effects may include bradycardia, 
hepatotoxicity, interstitial nephritis, and mental con- 
fusion (4,5). Although not highly toxic by itself, the 
effects of cimetidine on the hepatic microsomal en- 
zyme systems and liver blood flow appear to predis- 
pose cimetidine to a variety of interactions with 
several drugs that are inactivated by the liver. Inter- 
actions between cimetidine and succinylcholine and 
local anesthetic drugs are of particular interest to 
anesthesiologists. Recent data suggest that cimeti- 
dine prolongs the duration of action of succinyl- 
choline, an ester type of depolarizing muscle relaxant 
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that is metabolized primarily by plasma cholineste- 
rase (1). In mice, cimetidine also significantly poten- 
tiates the central nervous system toxicity associated 
with the ester type local anesthetic, 2-chloroprocaine, 
which is also hydrolyzed by the same plasma choli- 
nesterase that inactivates succinylcholine (2). Because 
both succinylcholine and 2-chloroprocaine are prima- 
rily hydrolyzed by plasma cholinesterase, one might 
hypothesize that cimetidine inhibits plasma choli- 
nesterase to produce these adverse effects. However, 
both our in vitro and in vivo data clearly demonstrate 
that cimetidine has no inhibitory effect on PCHE 
activity at plasma concentrations achieved with usual 
clinical doses of cimetidine. These results are not 
surprising because cimetidine has no known inhibi- 
tory effect on nonmicrosomal enzyme systems. 
Plasma cholinesterase is mainly produced in the liver 
and is considered a nonmicrosomal enzyme (6). The 
mechanism by which cimetidine prolongs the dura- 
tion of action of succinylcholine remains undefined. 
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Although significant upper airway problems are en- 
countered after the repair of a cleft palate in patients 
with certain craniofacial abnormalities (e.g., Treacher 
Collins syndrome, Turner’s syndrome, Pierre-Robin 
syndrome, Down’s syndrome, etc.) (1-3), the anes- 
thetic management of cleft palate repair with an 
otherwise normal pediatric airway is rarely compli- 
cated. However, we recently managed two infants 
who underwent cleft palate repair and subsequently 
developed massive macroglossia with upper airway 
obstruction shortly after extubation. The life- 
threatening extent of this airway obstruction and the 
prolonged postoperative course complicated by aspi- 
ration pneumonia provide the basis for the following 
report. 


Case 1 


A 17-month-old, 7.4-kg boy was scheduled for elec- 
tive repair of cleft palate. He was delivered at full 
term by cesarean section for breech position, and 
presented other congenital anomalies including a 
malformed pelvis with absence of both hips and legs. 


‘Left: inguinal herniorrhaphy at age 3 months and 


bilateral myringotomies with tubes at age 16 months 
were performed under uneventful general anesthe- 
sia. 

Physical examination revealed an alert infant with 
cleft of the secondary (soft) palate and slight macro- 
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gnathia, but an otherwise normal airway. Anesthesia 
was induced with inhalation of nitrous oxide, oxygen 
and halothane via facemask. The child’s trachea was 
easily intubated. No difficulty was encountered in 
maintaining the airway either by mask or by endo- 


_ tracheal tube. An intravenous catheter was inserted 


in the right arm. 

Lidocaine 1% (5 ml) with epinephrine 1:100,000 
dilution was injected locally into the palate by the 
surgeon, and a V-Y pushback palatoplasty and intra- 
velar veloplasty was performed using a Dingman 
retractor for surgical exposure. The intraoperative 
course was uneventful except for an increase in rectal 
temperature to 39.7°C when the intravenous fluid 
catheter became dislodged. A bolus of fluid (200 ml) 
was infused immediately after replacement of the 
catheter. Total blood loss was estimated at 20 ml, and 
350 ml crystalloid were infused during the 4.5-hour 
operation. 

At the conclusion of the procedure, a bolster was 
sutured to the upper palate, residual neuromuscular 
blockade was reversed with atropine 0.15 mg and 
neostigmine 0.3 mg, and spontaneous ventilation 
resumed. However, inability to maintain a patent 
airway required placement of an oral airway after 
ex-ubation. Subsequent removal of the oral airway 
resulted in immediate upper airway obstruction and 
respiratory distress, neither of which was relieved by 
removal of the bolster. i 

In the recovery room, progressive engorgement of 
the tongue and suprahyoid edema increased the 
threat of airway obstruction. Over the next 2.5 hours, 
the engorged tongue eventually filled the entire open . 
oral cavity and protruded through the open mouth. 
The undersurface of the tongue had a weepy, cystic 
appearance. There was no evidence of allergic reac- 
tion such as rash, or generalized edema or erythema. 
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Figure 1. Massive lingual and sublingual edema approximately 2 
hours after cleft palate repair. (Courtesy of Richard Stahl, M.D.) 


The patient was initially tachypneic and agitated with 
nasal flaring and intercostal retractions. He beceme 
progressively stuporous and immediate tracheal rein- 
tubation became imperative, successfully accom- 
plished after multiple laryngoscopies. Lung fields 
were clear immediately after intubation and endotra- 
cheal suctioning. 

The patient was admitted to the pediatric intensive 
care unit and mechanically ventilated. After a course 
of intravenous dexamethasone therapy, he was extu- 
bated on the 3rd postoperative day when the lingual 
and suprahyoid edema had completely subsiced. 
Persistent spiking fever and positive sputum cultures 
compatible with aspiration pneumonia necessitated 
antibiotic therapy and further prolonged his hospital- 
ization. He was discharged from the hospital on the 
6th postoperative day. 


Case 2 


A 14-month-old, 10.4-kg girl was scheduled for elec- 
tive cleft palate repair. Her birth and development 
were unremarkable except for impediment of phoma- 
tion and recurrent otitis. 

Physical examination was noteworthy for a com- 
plete cleft of the soft palate. After premedication with 
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Figure 2. Appearance of engorged tongue in the same patient on 
the Ist postoperative day. Note tremendous submental edema 
leading to protrusion of the tongue out of the oral cavity. 


secobarbital 40 mg, morphine 1 mg and atropine 0.2 
mg, general anesthesia was induced with nitrous 
oxide, oxygen and halothane by mask, and main- 
tained using an endotracheal tube secured with a silk 
suture to the tongue. An intravenous catheter was 
placed in the left hand. 

A total of 4 ml lidocaine 0.25% with epinephrine 
1:400,000 was injected into the palate by the surgeon. 
A Dingman gag was used for retraction during the 
Veau-Wardill palatorrhaphy with intravelar velo- 
plasty. Total blood loss was estimated at 100 ml and a 
total of 550 ml crystalloid was infused during the 4 
hour and 45 minute procedure. When the patient was 
fully awake, the trachea was extubated in the oper- 
ating room uneventfully with a satisfactory airway. 

The patient developed massive, progressive edema 
isolated to the tongue and suprahyoid neck over the 
next 2 hours, compromising her airway to the extent 
that she could breathe only in the prone position. The 
tongue filled the oral cavity, with marked anterior 
protrusion (Fig. 1). The rigid engorgement of the 
tongue made oral reintubation extremely difficult, but 
this was eventually accomplished after multiple lary- 
ngoscopies. Lung fields were clear to auscultation 
immediately after intubation. The course in the pedi- 
atric intensive care unit over the next 36 hours was 
characterized by progressive macroglossia despite 
high-dose dexamethasone administration (Fig. 2). A 
pulmonary infiltrate identified on a chest radiograph 
and persistent fever were thought to be secondary to 
aspiration, necessitating antibiotic therapy. Periph- 
eral hyperalimentation was also started on the 2nd 
postoperative day. 

Although macroglossia had receded by the 5th 
postoperative day, visualization of the posterior 
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pharynx by laryngoscopy was still extremely difficult 
because of the severe lingual engorgement. 

The following day, the endotracheal tube was 
dislodged when the patient moved vigorously. She 
was able to maintain an adequate airway without the 
endotracheal tube. Residual lingual edema resolved 
over the next week and she was discharged home on 
the 12th postoperative day. 


Discussion 


Development of postoperative macroglossia after 
cleft palate repair is an unusual complication that 
may lead to complete airway obstruction, necessitat- 
ing immediate reintubation. In the cases we describe, 
distorted laryngeal landmarks and associated soft 
tissue edema made laryngoscopy extremely difficult. 
In addition, both patients developed aspiration pneu- 
monia in the immediate postoperative period. 

Several possibilities exist as to the etiology of 
macroglossia after cleft palate repair. Excessive pres- 
sure exerted by surgical retractors may cause glossal 
hematomas even in brief surgical procedures such as 
tonsillectomy. The Dingman mouth gag used in the 
cases described is a bladed ring retractor that holds 
the mouth open by exerting pressure on the tongue 
and alveolar ridge. Pressure associated with an exces- 
sively opened Dingman gag for a prolonged period of 
time can cause necrosis of tongue muscle, venous 
stasis and lymphedema. The glossal injury may be 
exacerbated by an extreme Trendelenburg position, 
which compounds venous stasis and lymphedema by 
gravitational fluid shifts. 

The phenomenon of erectile tongue is well de- 
scribed in mammals (4) and has been suggested as an 
etiology in lymphangioendotheliomatosis macroglos- 
sia (5). The erectile activity is a result of cavernous 
tissue being acted upon by longitudinal muscle con- 
traction, which in turn results in vascular expansion. 
This condition may present in the injured tongue. 

The tongue is a highly vascular organ with muscles 
that are attached primarily to the hyoid bone. Figures 
1 and 2 demonstrate the massive suprahyoid edema 
in the neck, a result of transudation of fluid and 
hemorrhage into the base of the tongue. This edema 
of the suprahyoid and submental region causes the 
floor of the mouth and anterior tongue to protrude. 
The weepy, cystic area on the undersurface of the 
tongue, characteristic of the lymphatic stasis seen in 
glossal lymphangioma (6), is also demonstrated. 

One could speculate that these two infants may 
have had asymptomatic lymphangiomas or residual 
congenital lymphatic tissue rests, either of which may 
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rapidly expand with injury or infection. Lympha- 
giomas develop embryologically from lymphatic tis- 
sue rests derived from the primitive jugular sac that 
become sequestered in the fetal tongue (7). Theoret- 
ically, noninvoluted lymphatic rests may persist in 
infants and provide a potential for glossal edema. 
Because lymphangioma spaces may interconnect, 
gravitational dependency as in Trendelenburg posi- 
tion may result in glossal and submental lymphe- 
dema. 

Besides the immediate life-threatening complica- 
tion of upper airway obstruction secondary to the 
massively enlarged tongue, both our patients experi- 
enced the additional complication of aspiration pneu- 
monia that further prolonged their postoperative 
course. It is unclear whether this aspiration resulted 
from the loss of airway protection usually provided 
by a normally functioning base of the tongue and 
larynx, from multiple intubations, or from an air leak 
around the small endotracheal tube ultimately 
placed. 

In conclusion, we present two cases of severe 
macroglossia after cleft palate repair in infants. Mul- 
tiple anatomic and iatrogenic factors may play a role 
in the development of lingual and suprahyoid edema 
that may not be anticipated based on the findings of 
the preoperative examination and intraoperative 
course. Insidious and progressive airway obstruction 
may occur in the recovery room, and establishment of 
a patent airway or reintubation may be extremely 
difficult, if not impossible. Multiple attempts at tra- 
cheal intubation can disrupt the surgical repair and 
result in hemorrhage, compounding a potentially 
disastrous situation. 

It is strongly recommended that the entire oro- 
pharyngeal cavity including the tongue and sur- 
rounding soft tissue be examined at the completion of 
cleft palate repairs before the endotracheal tube is 
removed. If any signs of lingual or suprahyoid edema 
exist, the endotracheal tube should be left in place 
and the patient carefully observed in the recovery 
room. Progressive edema necessitates prolonged in- 
tubation in the intensive care unit to ensure airway 


patency. 
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Cold autoimmune diseases present significant prob- 
lems in the management of cardiopulmonary bypass 
and myocardial protection in cardiac surgical pa- 
tients. The cold autoimmune diseases can be classi- 
fied into four types (Table 1), each with a variety of 
possible sequelae. Of the four types, cold hemagglu- 
tinin disease is characterized by IgM autoantibodies 
directed against the “I” antigen present on all red 
blood cells (1-6). With high titers, these pathologic 
autoantibodies may react even at physiologic temper- 
atures (high thermal amplitude). Often their reaction 
is bithermic with hemagglutination at low tempera- 
tures and complement fixation and resultant he- 
molysis as normothermia is approached (1-4,7-10). 
Systemic hypothermia, routinely employed during 
cardiopulmonary bypass, can activate this system 
and possibly cause massive hemagglutination, micro- 
vascular thrombosis, or hemolysis. Cold cardioplegia 
may cause intracoronary hemagglutination with in- 
adequate distribution of cardioplegic solutions, 
thrombosis, ischemia, or infarction (11-18). This case 
report illustrates one management plan, and a review 
of the literature reveals four additional techniques. 
These are compared and contrasted so that by con- 
sidering the patient’s pathophysiology and proposed 
procedure, the most appropriate management plan 
can be chosen. 
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Case Report 


A 60-year-old man scheduled for coronary artery 
bypass graft surgery had a high titer cold agglutinin 
discovered in routine blood screening during hospi- 
telization for a previous uncomplicated myocardial 
infarction. Two months before admission, an un- 
eventful cardiac catheterization showed 90% obstruc- 
tion of the left main coronary artery with significant 
additional disease in the left anterior descending, 
circumflex, and right coronary arteries. On the ven- 
triculogram there was diffuse left ventricular hypoki- 
nesis with normal left ventricular end diastolic pres- 
sure. Despite recommendations to the contrary the 
patient chose medical management. In 2 weeks, the 
patient was readmitted after a second myocardial 
infarction complicated by mild congestive heart fail- 
ure. He then agreed to surgery. Hematologic inves- 
tigation showed a direct Coombs test positive for 
Cd, negative for IgM. The patient had a cold agglu- 
tinin titer at 4°C of 1/10,000 (normal 1/40) and 1/5000 
at 20°C. Thermal amplitude and critical temperature 
were not determined. Hemoglobin, hematocrit, se- 
rum bilirubin levels, urinalysis, and peripheral blood 
smear were normal. The patient had cardiomegaly, 
sinus bradycardia, normal levels of serum electro- 
lytes, and a bleeding time of 9 minutes. 

One day before surgery, plasmapheresis with six 
units of fresh frozen plasma replacement produced 
an eight-fold reduction in titers. After premedication 
with morphine 12 mg, and scopolamine 0.4 mg, IV, 
arterial, central venous, and pulmonary artery cath- 
eters were inserted while the patient was awake in a 
warm operating room. A warming blanket and warm 
IV fluids were utilized. Anesthesia was induced with 
fentanyl, and pancuronium was used for muscle 
relaxation. Body temperature (esophageal and extra- 
corporeal venous return) was maintained above 
35.5°C throughout the procedure. After hepariniza- 
tion, coronary artery bypass grafting was performed 
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Table 1. Cold Autoimmune Diseases 


CLINICAL REPORTS 


————— eet 


Critical Thermal 
temperature* amplitude* 

Disease Associate condition PC) References (°C) Cold exposure 
en o a aa 
Cold hemagglutinin None (15-32) 1,2,3,4,9, (4-32) Acrocyanosis, hemolysis, 

disease and 10 (= 31) Raynaud's phenomenon 
Paroxysmal cold Syphilis (10-15) 1,19 (4-15) Hemoglobinuria, hemolysis, 
hemoglobinuria (= 20 19 (= 20) jaundice, renal failure 
Crvoglobulinemia Macroglobulinemia (17-33) 20,21 (0-33) Hyperviscosity, immune 
complex nephritis, purpura, 
arthralgas, vasculitis 
Acquired cold Mycoplasma, infectious (4—6) 1,2 (0—6) Acrocyanosis, purpura, 
autoimmune mononucleosis, mumps, (4-25) 4,8 (s 25) hyperviscosity, hemolysis 
disease leukemia, lymphoma 
Normal harmless None (4-10) 1,19 (0-10) No reaction in vivo 
cold autoagglutinins (4-203 3 (0-20) 
(10-15, = 20) 4 (0-15, = 20) 





*Based on ranges reported from clinical and laboratory studies referenced. 


during a 72-minute normothermic cardiopulmonary 
bypass at 36-7°C. Five distal saphenous vein anasta- 
moses were placed using ischemic cross-clamp times 
of 14 and 9 minutes, with time for reperfusion in 
between. No ventricular fibrillation occurred. 

Nitroprusside and nitroglycerine was started as 
cardiopulmonary bypass was terminated, and hepa- 
rin was reversed with protamine. Six units of pooled 
platelets and two units of fresh frozen plasma were 
also administered. The hematocrit and hemoglobin 
levels, a peripheral blood smear, urinalysis, and 
plasma free hemoglobin and bilirubin levels were 
checked every 12 hours and remained in the normal 
range. No acrocyanosis or Raynaud's phenomenon 
developed. The postoperative course was unremark- 
able. No hemolysis, hemagglutination, myocardial 
infarction, or organ damage occurred. 


Review 


Thirteen cases of cardiac surgery in patients with cold 
hemagglutinin disease were reported between 1968 
and 1985 (Table 2). In all patients with a known 
agglutinin the systemic temperature was maintained 
above the thermal reactivity of the cold antibody. 
Techniques of myocardial preservation included: 1) 
cold crystalloid cardioplegia; 2) plasma exchange; 3) 
normothermic ischemic arrest; 4) warm crystalloid 
cardioplegia washout followed by cold cardioplegia; 
and 5) warm blood-potassium cardioplegia. Normo- 
thermic cardiopulmonary bypass with ischemic arrest 
was successfully used in two of three cases, both 


involving surgery for left ventricular aneurysm (17). 
The present case is the first reported using ischemic 
arrest for coronary artery bypass grafting in a patient 
with cold autoimmune disease. 

Routine cold cardioplegia has been used in three 
previous cases of cold agglutinin disease (14,18,19). 
Agglutinates were found in the right atrium in two of 
these cases (14,18) and enzymatic evidence of myo- 
cardial infarction was reported in one of the three 
cases. In a fourth case (11), an aortic valve replace- 
ment was performed using 2 hours and 40 minutes of 
cardiopulmonary bypass at 29°C. Perioperative he- 
molysis requiring 17 units of whole blood prompted 
an investigation that revealed an agglutinin with a 
thermal amplitude to 22°C. The report does not 
mention use of a cardioplegic solution. 

Plasma exchange has been used in 2 of the 13 
cases. A documented ten-fold reduction in cold he- 
magglutinin titer occurred in one patient who re- 
ceived 19 units of whole blood perioperatively; the 
cause of the blood loss, body temperature, and du- 
ration of cardiopulmonary bypass were, however, 
unspecified, and there was no mention of myocardial 
protection. Our patient with left main coronary artery 
disease had an eight-fold reduction in cold agglutinin 
titer after plasmapheresis. 

Four of the 13 patients (Table 2) had the heart 
isolated from the systemic circulation using bicaval 
cannulation with tourniquets, left ventricular vent- 
ing, and a right atrial sump to visually confirm 
myocardial washout, with normothermic crystalloid 
cardioplegia infused into the aortic root after cross- 
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Table 2. Summary of the 13 Cases 
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Technique used References Complications Advantages Disadvantages 
it 
Cold cardioplegia 14 Hemolysis requiring No increase in cost Risk of agglutination, nonuniform 
18 17 units whole or time cardioplegic distribution, and 
19 blood transfusion hemolysis 
(11) 
Plasma exchange 22t 19 units whole blood Reduction of Expensive, risks of hepatitis and 
presentt transfusion (22) agglutinin titer; abnormal hemostasis subjects 
reduces risk of patient with coronary artery 
agglutination disease to significant volume 
shifts 

Warm ischemic 3 17 None No increase in cost Lacking presumed advantages of 

arrest present or time; reduced myocardial protection (perhaps 
risk of best reserved for short 
agglutination procedures) 

Warm crystalloid 4 14 Anterior myocardial Allows repeated Technically more complex and 
cardioplegia 16 infarction (14) cold cardioplegia time consuming, delays cold 
washout, cold 23 for myocardial cardioplegic protection to 
crystalloid protection; myocardium, risk of 
cardioplegia reduced risk of agglutination due to 

agglutination noncoronary collateral flow 

Warm blood/ 1 5 None No increase in cost Lacks myocardial protection 
potassium or time; reduced provided by hypothermia 
cardioplegia risk of 


agglutination 


*No mention of cardioplegic use where an unknown cold agglutinin lead to hemolysis; reported here because 29°C cardiopulmonary bypass was used. 


tNo mention of cardioplegic use, 


}Present case fits two categones, thus the total number of cases adds up to 14. 


clamp. Cold cardioplegia immediately followed and 
all right atrial fluid was discarded. One patient had 
ECG and enzymatic evidence of anterior myocardial 
infarction (14). A cross-clamp time of 42 minutes was 
reported in one of the four cases using this technique 
(16). 

Warm potassium-blood cardioplegia has been 
used without complication with a cross-clamp time of 
42 minutes. The duration of bypass was not men- 
tioned but the patient was kept 8°C above the critical 
temperature (20°C) of the hemagglutinin. Reactivity 
of the cold agglutinin decreased during cardiopulmo- 
nary bypass, perhaps because of hemodilution. 


Discussion 


Open-heart surgery routinely employs cardiopulmo- 
nary bypass and cardioplegia at various degrees of 
hypothermia. In patients with cold agglutinin disease 
these temperatures could cause hemolysis, inade- 
quate cardioplegic distribution, myocardial infarc- 
tion, renal or hepatic insufficiency, cerebral damage, 
or injury to other organs. 

Complications of the various techniques are de- 
scribed in Table 2. None of the five techniques used 
to avoid problems during open-heart surgery in pa- 


tients with cold autoimmune disease is clearly supe- 
nor. Hemolysis occurs in all patients during cardio- 
pulmonary bypass, especially with rewarming. There 
was no protection from agglutination afforded by 
heparin (24), nor by hemodilution. To a large degree, 
hemolysis during cardiopulmonary bypass may cor- 
relate more strongly with duration, flow rates, aortic 
cannula morphology, and the use of suction than 
with the presence of autoantibodies (25). 

In formulating a management plan for cardiac 
surgical patients, several theoretical and practical 
aspects should be considered. Plasmapheresis should 
yield a substantial reduction (eight- to ten-fold) in 
agglutinin titers (22), but plasma exchange is costly 
and it subjects the cardiac patient to significant vol- 
ume shifts plus the risks of infection and altered 
hemostasis. Ischemic arrest has been successfully 
used for coronary artery bypass. Noncoronary collat- 
eral flow provides some perfusion (26), but lacks the 
myocardial protection afforded by cold cardioplegia 
(27) and may best be reserved for shorter procedures. 
Warm crystalloid cardioplegic washout, though at- 
tractive for longer procedures, is technically more 
demanding. It requires isolation of the heart from the 
remaining circulation, which may be impossible due 
to noncoronary collateral flow (26). The warm cardio- 
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Table 3. Suggestions for Management 





Preoperative 

Routine 20°C crossmatch 

Characterization of cold agglutinin, its thermal amplitude ard 
critical temperature* 

With acquired cold hemagglutinin disease, delay operation 


until cause is treatedt 


Intraoperative 


Warm fluids, blood products, operating room and anesthetic 
gases 

Limit transfusions; donor cells are not protected by C,d. Use 
washed cells to limit complement transfusion 

Maintain patient's systemic temperature above critical 
temperature of the autoantibody 

Select myocardial protection using appropriate intraoperative 
management technique (Table 2) 

With unsuspected agglutination: rapidly determine the critical 
temperature of the autoantibody and maintain the patient 
above itt 


Postoperative 


pl 


Follow intraoperatively and postoperatively for agglutinatior 
and hemolysis as evidenced by changes in: hematocrit, 
hemoglobin, peripheral blood smears, urinalysis, and 
plasma free hemoglobin and bilirubin levels, as well as 
acrocyanosis and Raynaud’s phenomenon 

Maintain patient's temperature in warm ICU room and warm 
all intravenous fluids and blood products 


“Further screening is not clearly indicated (28). 


tUsually malignancy or infection. 
tHighest waterbath temperature at which agglutination persists. 


egic washout also delays cold cardioplegic protec- 


tion. 


Although untoward effects of cardiopulmonary 


bypass in patients with cold agglutinin disease re- 


m 


ain to be thoroughly documented, the hemolysis 


and theoretical damage that may occur warrant cer- 


ta 


in precautions. These are outlined in Table 3. This 


case report documents successful management of 
cardiopulmonary bypass in one patient with cold 
agglutinin disease. 


References 


Ja 


2. 


Pruzanski W, Shumak KH. I. Biologic activity of cold-reactive 
autoantibodies. N Engl J Med 1977;297:538-42. 


Pruzanski W, Shumak KH. II. Biologic activity of cold-reacting 
autoantibodies. N Engl J Med 1977;297:583-9. 


. Issitt PD, Autoimmune hemolytic anemia and cold hemaggtu- 
tinin disease: clinical disease and laboratory findings (Review). 
Prog Clin Pathol 1978;7:137-63. 

. Mollison PL. Blood transfusion in clinical medicine. 7th ed. 
Oxford, Blackwell: 440-80. 


. Landymore R, Isom W, Barlam B. Management of patients 
with cold agglutinins who require open heart surgery. Can J 
Surg 1983;26:79-80. 


13. 


14, 


16. 


17, 


24. 


26. 


27, 


CLINICAL REPORTS 


. Landymore R. Cold agglutinins and coronary artery bypass 


grafting (letter). Ann Thorac Surg 1983;35:472. 


. Rosse WF, Adams JP. The variability of hemolysis in the cold 


agglutinin syndrome. Blood 1980;56:409-16. 


- Clomers RA, Snavely JC. Acute hemolytic anemia in primary 


atypical pneumonia produced by exposure and chilling. N 
Engl J Med 1947;237:505-11. 


. Harrison’s: The Principles and Practice of Medicine. 9th ed. 


New York: McGraw-Hill, 1980;314:1535-7. 


. Felber N. Cold agglutinin disease. Postgrad Med 1976;5:89-94. 
. Wertlake PJ, McGinniss MH, Schmidt PJ. Cold antibody and 


persistent hemolysis after surgery under hypothermia. Trans- 
fusion 1969;9:70-3. 


. Carloss HW, Tavassoli M. Acute renal failure from precipita- 


tion of cryoglobulus in cool operating room. JAMA 1980;244: 
1472-3. 

Niejadlik DC, Lozner EL. Cooling mattress induced acute 
hemolytic anemia. Transfusion 1974;14:145-7. 


Shahian DM, Wallach SR, Bern MM. Open heart surgery in 
patients with cold-reactive proteins. Surg Clin North Am 
1985;65:315-22. 


. Diaz JH, Cooper ES, Ochsner JL. Cold hemagglutination 


pathophysiology, evaluation and management of patients un- 
dergoing cardiac surgery with induced hypothermia. Arch 
Intern Med 1984;144:1639-41. 


Berreklouw E, Moulijn AC, Pegels JG, Meijne NG. Myocardial 
protection with cold cardioplegia in patients with cold autoag- 
glutinins and hemolysis. Ann Thorac Surg 1982;33:521-22. 


Williams AC. Cold agglutinins: cause for concern? Anaesthesia 
1980;35:887-9. 


. Diaz JH, Cooper Es, Ochsner JL. Cardiac surgery in patients 


with cold autoimmune diseases, Anesth Analg 1984;63:349-52. 


. Leach AB, Van Hasselt GL, Edwards JC. Cold agglutinins and 


deep hypothermia. Anaesthesia 1983;38:140-3. 


. Meltzer M, Franklin EC. Cryoglobulinemia: a study of 29 


patients. Am J] Med 1966;40:828-36. 


. Meltzer M, Franklin EC, Elias K, et al. Cryoglobulinemia: a 


clinical and laboratory study. Am J Med 1966;40:837-56. 


. Klein HG, Faltz LL, McIntosh CL, et al. Surgical hypothermia 


in a patient with a cold agglutinin: management by plasma 
exchange. Transfusion 1979;20:354-7. 


. Blumberg N, Hicks G, Woll J, et al. Successful cardiac bypass 


surgery in the presence of a potent cold agglutinin without 
plasma exchange (letter), Transfusion 1983;23:363-4. 


Moore RA, Geller EA, Mathews ES, Botros SB, Jose AB, Clark 
DL. The effects of hypothermic cardiopulmonary bypass on 
patients with low titer, nonspecific cold agglutinins. Ann 
Thorac Surg 1985;37:233-8. 


. AuBuchon JP, Storan BA, Davey RJ: Hemolysis during extra- 


corporeal circulation: significance of cold-reactive autoantibod- 
ies and mechanical trauma (abst). Blood 1983;62(supp! 1):42a. 


Brazier J, Hottenrott C, Buckberg G. Non coronary collateral 
myocardial flow. Ann Thorac Surg 1975;19:426-35. 


Kirklin JW, Conti VR, Blackstone EH. Prevention of myocar- 
dial damage during cardiac operations. N Engl J Med 
1979;301:135-41. 


. Schmidt PJ. Cold agglutinins and hypothermia (letter). Arch 


Intern Med 1985;145:578-9. 


ANESTH ANALG 79 
1988;67:79-82 


Delayed Respiratory Depression in a Child after Caudal 


Epidural Morphine 


Elliot J. Krane, MD 
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ANALGESIA—postoperative. ANESTHESIA— 
pediatric. 


The treatment of acute and chronic pain in adults 
with intrathecal or epidural narcotics is presently a 
widely accepted modality (1) and has been shown to 
be superior to conventional narcotic administration in 
several controlled studies (2-5). More recently, the 
use of epidural and intrathecal narcotics has been 
extended to children (6-8) and has also been demon- 
strated in this population to result in superior anal- 
gesia without an unacceptable frequency of side 
effects (9,10). 

Respiratory depression, the most consequential 
side effect ascribed to spinal narcotics (11,12), is 
thought to result from rostral conduction of opioid 
dissolved in cerebrospinal fluid (CSF) to the brain 
stem with subsequent depression of medullary cen- 
ters of respiration (1,13). Although well recognized as 
a risk in adult patients, it has not until now been 
reported in a child. 


Case Report 


A 2 1/2 year-old-boy was scheduled for one-stage 
repair of penile hypospadias. Past medical history 
and past surgical history were unremarkable, and 
there was no history of recent use of any medication. 
After discussion with the urologist it was decided to 
use postoperative caudal analgesia if an indwelling 
drain was to be left in the bladder, a decision which 
would be made intraoperatively. Options and risks 
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were discussed with the family, and tentative plans 
were made for caudal morphine to be administered 
for postoperative analgesia. 

Anesthesia was induced with rectal thiamylal 22 
mg/kg, after which halothane was administered by 
mask, an IV catheter was inserted, atropine 0.01 
mg/kg administered, and the patient's trachea was 
intubated. General anesthesia was continued with 
halothane 0.7%-1.2% end-tidal concentration) in 
190% O. No other medications were administered. 
At the conclusion of 4.5 hr of surgery, which included 
a urethroplasty and skin grafting with a pedicle flap, 
the patient was turned to the right lateral decubitus 
position, the hips were flexed, and a 20-gauge epi- 
dural catheter was inserted 2 cm into the caudal 
epidural space through an 18-gauge IV plastic can- 
nula (Medicut). The introducing cannula was re- 
moved and the epidural catheter secured with a 
sterile dressing (Tegaderm). Inability to aspirate CSF 
and blood was confirmed, after which 4 ml 1% 
lidocaine (0.27 ml/kg) and 1.5 mg preservative-free 
morphine (Duramorph 0.1 mg/kg) were injected. The 
purpose of the lidocaine was to confirm proper place- 
ment of the epidural catheter by producing transient 
sacral-dermatome anesthesia. The patient was extu- 
bated while still anesthetized and allowed to awaken 
in the postanesthesia recovery room. 

Fifteen minutes later the patient was awake and 
free of pain, and after another 30 minutes he was 
taken to the postoperative ward where he was mon- 
itored with continuous electrocardiography and a 
chest-wall impedance respiratory monitor set to 
alarm at a heart rate <70 beats/min or a respiratory 
rate <15 breaths/min. As is our practice, naloxone, 
oxygen, an oxygen-delivery device with mask, and 
suction were at the bedside. For the first 3 hours after 
the caudal injection the child was awake. Thirty 
minutes later the monitor alarm sounded. His nurse 
found him unarousable and cyanotic, with shallow 
respirations at a rate of 15 breaths/min and a heart 
rate of 108 beats/min. Oxygen was administered, 
followed by naloxone 10 yg/kg, which resulted in 
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improved respirations, resolution of cyanosis, anë a 
return of consciousness. On arousal he complained of 
nasal pruritis. A capillary blood gas sample obtained 
after naloxone showed a pH of 7.3, Pco, 44 mm Hg, 
and Po, 56 mm Hg while breathing room air. Capno- 
graphy was begun using nasal cannulae to sample 
tidal respirations. End-tidal Pco, was 42 mm Hg and 
respiratory rate 32 beats/min. An IV naloxone infu- 
sion of 10 ug-kg '-hr | was started. 

Two hours later he became more somnolent and 
the end-tidal Pco, increased to 44 mm Hg. Intrave- 
nous naloxone (7 ug/kg) was administered, and the 
naloxone infusion was increased to 14 wg-kg '-hr '. 
Thereafter he remained awake or arousable and end- 
tidal CO, remained <40 mm Hg. The naloxone infu- 
sion was discontinued 16.5 hr after the caudal injec- 
tion. The patient remained analgesic for a total of 14 
hours after the caudal injection. Acetaminophen 
elixir with codeine was administered for subsequent 
complaints of pain. He was discharged home on the 
second postoperative day without residual effects. 


Discussion 


The delayed respiratory depressant effect of spinal 
opioids was first reported in humans shortly after the 
introduction of epidural and subarachnoid morphine 
into clinical practice (11). There followed sporadic 
reports of delayed respiratory depression in adults, 
but the risk remained largely undefined until the 
publication of a nationwide survey from Sweden, 
which reported 22 episodes of respiratory depression 
requiring therapy attributable to epidural morphine 
among approximately 6000-9000 patients treated 
with epidural morphine, or an overall incidence of 
three to four cases of respiratory depression per 1000 
administrations (12). This study identified three risk 
factors for the development of delayed respiratory 
depression: 1) parenteral opiate administration in 
addition to epidural morphine (19 of 22 patients); 2) 
advanced age (10 of 22 patients were >70 years ole); 
and 3) thoracic epidural injection (10 of 22 patients). 
Only two patients developed marked respiratory 
depression more than 6 hours after the administra- 
tion of epidural morphine, suggesting that the peried 
of greatest risk is the first 6 hours after the epidural 
narcotic injection. 

Though the majority of patients treated with epi- 
dural morphine will not develop clinically significant 
respiratory depression, epidural morphine depresses 
ventilatory drive (airway occlusion pressure) ard 
response to breathing CO) in the majority of patients 
for at least 6 hours after administration (13-16). This 


CLINICAL REPORTS 


roughly correlates with the more cephalad levels of 
segmental analgesia demonstrable after a single dose 
of epidural morphine, levels that may rise to as high 
as the trigeminal dermatomes by 9 hours following 
injection (13,16) in as many as half of patients (16). 
Recession of dermatomal analgesia occurred in these 
studies within 12 hours of injection. Bromage et al. 
(16) further observed that the occurrence of nausea 
and vomiting temporally correlated with the spread 
of hypalgesia to cervical dermatomes or above. 
Therefore, the risk of delayed respiratory depression 
may extend to 12 or more hours after injection, and 
the development of nausea and vomiting may mark 
those patients at particular risk. 

Studies of adult patients have demonstrated that 
nonrespiratory side effects of epidural morphine are 
dose-dependent between 1 and 5 mg (17), but studies 
of the dose response of respiratory depression have 
been conflicting. Martin et al. (18) failed to demon- 
strate a dose-dependent effect of 0.5-8.0 mg of epi- 
dural morphine on end-tidal CO, or airway occlusion 
pressure during either normocapnia or hypercapnia. 
However, Rawal and Wattwil were able to demon- 
strate dose-dependent depression of minute ventila- 
tion and the response to breathing CO , the latter 
being evident after 10 mg but not after 2 or 4 mg of 
epidural morphine (19). 

The collective clinical experience of anesthesiolo- 
gists whose practice it is to administer epidural nar- 
cotics favors a starting dose of 3-5 mg of preservative- 
free morphine for postoperative analgesia in the 
typical adult. Against this background, the dose 
selected for this child, 1.5 mg, seems large. Selection 
of this dose was predicated on our assumption that 
larger doses would be needed for caudal than for 
lumbar epidural injection, based on our institution’s 
prior experience with caudal morphine in children, 
which showed 0.1 mg/kg to be effective, associated 
with an acceptable incidence of urinary retention, 
nausea, and pruritis, and not associated with respi- 
ratory depression in our small study population (10). 
The published experience with epidural morphine in 
children <4 years old is very limited (8-10,14), and a 
dose response study to determine the safest effective 
dose of preservative-free morphine in small children 
remains to be published, though such a study is now 
in progress. 

The work of Rawal and Wattwil (19) also impor- 
tantly reveals that epidural morphine-induced reduc- 
tion of minute ventilation is largely due to a reduction 
of tidal volume, and that respiratory rate is not 
significantly affected by spinal narcotic. This phe- 
nomenon bears on the selection of appropriate mon- 
itors for delayed respiratory depression because, as 
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this case illustrates, depression of respiratory rate, or 
frank apnea, may not always occur in dangerously 
depressed patients. Clinicians should therefore not 
rely solely on devices that merely count respiratory 
frequency. The capnograph provided minute-to- 
minute reassurance of adequate minute ventilation in 
this child after his complication occurred and was 
treated. This device provides an early warning of 
hypoventilation, which will lead to either CO, reten- 
tion and detectable elevation of end-tidal CO, ten- 
sion, or alternatively. tc significant artifactual depres- 
sion of end-tidal CO, tension if tidal volume becomes 
inadequate, or if the airway becomes obstructed. Our 
subsequent experience has shown that capnography 
using nasal cannulae is reliable in small children, 
with an acceptable frequency of monitor false alarms 
due to disconnections or occlusions of the monitor 
cannula. Only in the presence of nasal obstruction 
due to an upper respiratory infection or adenoidal 
hypertrophy has capnography been unfruitful. Simi- 
larly, pulse oximetry will detect hypoventilation of 
such a degree as to produce arterial desaturation, the 
primary mechanism by which hypoventilation may 
produce harm to a patient. 

Prevention of delayed respiratory depression and 
identification of patients at risk are more desirable 
goals than is detection by monitor of individuals once 
affected. Although posture has been demonstrated to 
be ineffective in decreasing respiratory depression 
after epidural morphine (20), prophylactic low-dose 
infusion of naloxone (5-10 ug- kg`t-hr™t) has been 
shown in adults to prevent depression of the CO, 
response curve and to result in little or no diminution 
of analgesia (19,21). It is not yet known, however, if 
this treatment will diminish the occurrence of clini- 
cally significant respiratory depression or restore the 
CO, response curve to baseline values in young 
children. 

In conclusion, delayed respiratory depression oc- 
curred in a 2 1/2-year-old child 3.5 hours after admin- 
istration of 0.1 mg/kg preservative-free morphine in 
the caudal epidural space, in the absence of known 
risk factors. The child responded well to IV naloxone 
given by bolus injection followed by continuous IV 
infusion. The risk of delayed respiratory depression 
is present in children as in adults, though the mag- 
nitude of this risk and the period of maximum vul- 
nerability are as yet undefined in children. This case 
illustrates that monitoring of respiratory frequency 
alone may not be adequate to detect delayed respira- 
tory depression, and that end-tidal CO, monitoring, 
and/or oximetry, when available, may be more reli- 
able early.detectors of delayed respiratory depression 
after the administration of epidural morphine. This 


case further emphasizes the necessity to monitor 
respiratory parameters, and to have naloxone, suc- 
tion, and an oxygen delivery device present at the 
bedside of children receiving spinal opioids, until 
they are well beyond the period of risk of delayed 
respiratory depression. A precautionary interval of 24 
hours after the last dose of epidural morphine seems 
to be a reasonable period of observation (14). 
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Mass spectrometry is used during clinical anesthesia 
to monitor inspired and exhaled respiratory and 
anesthetic gases (1,2). Although the mass spectrom- 
eter offers reliable information not previously avail- 
able by monitoring pulmonary ventilation and anes- 
thesia machine function (3,4), inadequate 
understanding of the spectrometer can lead to errors 
in the interpretation of the data reported by the 
machine. We present here two cases in which the 
introduction of helium into the inspired gas mixture 
resulted in erroneous data being reported by the 
Chemetron SARA II mass spectrometer (Allegheny 
International Medical Technology) in our operating 
room suite, 


Case 1 


A 71-year-old, 54-kg, 155-cm woman was scheduled 
for exploration of a large neck mass approximately 10 
cm in diameter. The mass was located low in the neck 
just to the left of the trachea. Extension of the head 
provoked moderate respiratory difficulty, immedi- 
ately relieved by returning the head to the neutral 
position. The trachea was not deviated on physical 
examination and showed no encroachment on the 
routine chest X-ray film. 

The patient was given 50 ug fentanyl IV followed 
by 3 mg d-tubocurarine. Anesthesia, induced with 
thiopental and followed by tracheal intubation facili- 
tated by succinylcholine, was uneventful. Ventilation 
was controlled with a tidal volume of 550 ml at a rate 
of 10 breath/min. Inspired and expired gases were 
monitored with the mass spectrometer. Inspired ox- 
ygen concentration was also monitored with a Criti- 
kon Oxychek oxygen analyzer. 
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Nitrous oxide (50%) was administered with oxy- 
gen. Isoflurane was added into the inspired gas 
mixture to obtain a suitable level of anesthesia. After 
positioning, draping, and incision, the blood pres- 
sure decreased to unacceptably low levels. In an 
effort to maintain an Fig, of 50% without the potential 
myocardial depression of nitrous oxide, helium was 
introduced by a concentration of 50% and nitrous 
oxide was discontinued. Because the flow of a gas 
increases as its density decreases and the density of 
helium is less than that of nitrous oxide (approxi- 
mately 1/10), it was also believed that a helium- 
oxygen mixture could enhance the gas flow past any 
tracheal obstruction that might occur during surgery 
(5). As helium replaced nitrous oxide in the system, 
the ventilatory pattern was left unchanged. The iso- 
flurane concentration was varied as indicated by 
changes in blood pressure. 

The inspired and end-tidal nitrous oxide levels 
recorded by the SARA monitor decreased from ap- 
proximately 52 and 51% to 1 and 5%, respectively. 
Despite maintaining a gas flow of 2 L/min of both 
helium and oxygen (50% helium, 50% oxygen) the 
oxygen concentration recorded on the SARA monitor 
increased from 45.5% inspired and 43.8% end-tidal to 
98% inspired and 88% end-tidal, respectively. With 
the tidal volume and respiratory frequency un- 
changed, the end-tidal carbon dioxide level reported 
oy the SARA monitor increased from 26 to 42 mm Hg 
(Fig. 1). Because this phenomenon had been ob- 
served by us in a previous (unreported) case and a 
suitable explanation had been obtained then, blood 
gas tensions were not measured from the present 
patient. Surgery, anesthesia, and recovery were oth- 
erwise uneventful. 


Case 2 


A 47-year-old, 70-kg, 160-cm woman was anesthe- 
tized for cholecystectomy and cholangiogram. After 
induction with thiopental, tracheal intubation was 
facilitated with succinylcholine. An adequate anes- 
thetic plane was achieved using isoflurane in a mix- 
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ture of approximately 60% nitrous oxide and 40% 
oxygen. Inspired and expired gases were measured 
using the SARA clinical mass spectrometer. Inspired 
oxygen concentration was also measured using a 
Critikon Oxychek oxygen analyzer. Muscle relaxation 
was obtained with curare and ventilation was con- 
trolled with a tidal volume of 900 ml at nine breaths 
/min. 

Shortly after surgery started, in an effort to mini- 
mize bowel distension, nitrous oxide was replaced 
with helium because the solubility of helium in blood 
is low: the blood gas partition coefficient of helium is 
about 1/40 that of nitrous oxide and 1/2 that of 
nitrogen. No other changes were made in the venti- 
lation pattern or inspired gas concentrations. How- 
ever, the mass spectrometer monitor indicated (Fig. 
2) near-doubling of the inspired and end-tidal con- 
centrations of oxygen and carbon dioxide 16 minutes 
after the substitution of 3 L/min of helium (F1 
approximately 60%) for 3 L/min of nitrous oxide. 


HE+ 


Discussion 


Helium has been used in anesthesia for several rea- 
sons: 1) Helium reduces the density of the inspired 
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Figure 1. Data reported by SARA monitor during ad- 
ministration of 50% helium and 50% oxygen compared 
with expected values. 


gas mixture, thus increasing the flow rate through 
partially obstructed airways for a given driving pres- 
sure or degree of effort (6-11); 2) Replacing nitrous 
oxide with helium reduces the combustibility of the 
inspired gases, an important consideration for laser 
surgery of the airway; and, 3) helium can be used to 
reduce the inspired oxygen concentration when the 
use of nitrous oxide is undesirable, such as in patients 
with a closed air-containing space. 

The clinical mass spectrometer analyzes gases us- 
ing a combination of high vacuum and electromag- 
netic systems (1). Gases collected from the anesthesia 
breathing circuits are sampled serially by a computer- 
operated manifold system. A two-chamber high vac- 
uum system widens the distance between individual 
gas sample molecules. The molecules are then ion- 
ized by an electron beam, accelerated in an electro- 
static system, and directed through a powerful mag- 
netic field. Because the trajectory of individual ions is 
a function of their mass-to-charge ratio, the path of 
specific agents can be identified. lon counters are 
positioned to detect the number of “hits” caused by 
each substance. Thus, the identity and concentration 
of an unknown sample can be identified if there are 
plates in the appropriate positions for the substances 
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Figure 2. Data reported by SARA monitor during administration 
of 60% helium and 40% oxygen compared with expected values. 


in that sample. An algorithm is used to calculate the 
concentrations of gases. 

The SARA mass spectrometer assumes all gases in 
the system have been identified and, thus, the sum of 
all gases identified is estimated as 100% of the sam- 
ple. The concentrations of gases in percentages are 
computed using this assumption and the Pco, in 
millimeters of mercury is calculated from the esti- 
mated contributory percentage. In contrast, the Perk- 
in-Elmer MGA-1100 mass spectrometer displays par- 
tial pressures of gases and vapors (12,13). 

The SARA mass spectrometer has no plate for 
measuring helium ion hits. Also, the molecular 
weight of helium (4) is so much lower than that of any 
of the measured gases that it would not impinge on 
any other plates. Thus, the contribution of helium to 
the total gas sample is ignored. In the cases pre- 
sented, helium was added to the inspired mixture, 
but was not detected by the mass spectrometer. The 
system assumed all gases in the sample were de- 
tected and it calculated totals and percentages accord- 
ingly. Because 50% of the sample in the first case was 
undetected and 60% in the second, the values of the 
detected gases were displayed as approximately 
twice their actual values. 

The error can be detected by the Fi, displayed by 
the mass spectrometer not correlating with the Fr,, 


1988;67:83-5 


displayed by the separate system oxygen analyzer. 
(We keep a separate oxygen analyzer on each anes- 
thesia machine for use when the mass spectrometer is 
inoperative for repair or maintenance.) Estimation of 
Faco, and Pao, would also demonstrate the inaccu- 
racy of the SARA monitor. ' 

It is important to be aware that the introduction of 
kelium (or any other gas with no measuring plate in 
the SARA II mass spectrometer) will produce the 
Gisplay of abnormal readings for the other measured 
gases. Otherwise treatment may be given to correct 
the erroneous readings. For example: hyperventila- 
tion may be used to reduce the displayed Prr,,, to the 
normal range which would produce a hypocarbic, 
alkalotic patient with possible deleterious reductions 
in cerebral and coronary arterial flow. 


We thank Aultman Hospital’s Biomedical Department and Media 
Department and Michael J. Monea for assistance with this project. 
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Decr>ased clearance rate and increased eliminatien 
half-life of the synthetic narcotics, sufentanil ard 
fentanyl, have been reported in neonates when com- 
pared to older infants, children, and adults (1,2). The 
mechanisms for these pharmacokinetic differences 
noted in neonates as well as the time period at which 
mature drug metabolism occurs are unknown. We 
describe three infants who had sequential pharmaco- 
kinetic studies of sufentanil within the neonatal p2- 
riod where maturation of drug metabolism was ob- 
served. 


Case 1 


A 7-day-old, 3.0-kg neonate with a ventricular septal 
defect (VSD), patent ductus arteriosus (PDA), and 
coarctation of the aorta was anesthetized for coare- 
tectomy and PDA ligation. At the time of surgery, the 
patient had congestive heart failure necessitating 
mechanical ventilation despite optimal medical man- 
agement with dopamine, isoproterenol, prostaglan- 
din E,, and furosemide. Pertinent laboratory findings 
the day of surgery showed cardiomegaly on chest 
X-ray, BUN 10 mg%, creatinine 1.2 mg%, SGOT 24 
U/L (normal reference range 5-35 U/L), SGPT 43 U-L 
(normal reference range 5-35 U/L), and total bilirubin 
1.7 mg%. General anesthesia was induced and main- 
tained with a single bolus of sufentanil 10 g/kg, 
pancuronium, and oxygen. Ventilation was con- 
trolled during the operative procedure and continued 
in the immediate postoperative period. The anes- 
thetic and operative courses were uneventful. Aortic 
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cross-clamp time was 23 minutes and estimated blood 
loss was 15 ml. 

The postoperative course was marked by the rede- 
velopment of upper extremity hypertension, persis- 
tent congestive heart failure, and the development of 
left lung infarction diagnosed by ventilation/perfu- 
sion scanning. Repeat cardiac catheterization re- 
vealed recoarctation of the aorta, a large VSD with left 
to right shunting, systemic pulmonary artery pres- 
sure, elevated left ventricular (LV) end-diastolic pres- 
sure, and total occlusion of the left pulmonary artery. 
Because of persistent coarctation and congestive 
heart failure (CHF) as well as persistent pneumonitis 
due to the pulmonary infarction, the patient pre- 
sented for coarctation repair and left lung pneumo- 
nectomy at 28 days of age. At the time of surgery the 
patient required mechanical ventilation for respira- 
tory failure, was receiving hyperalimentation for 
nutritional support, and anticongestive therapy con- 
sisting of digoxin, furosemide, and sodium nitroprus- 
side. Pertinent laboratory findings at this time in- 
cluded persistent cardiomegaly on chest radiograph, 
BUN 26 mg%, creatinine 1.2 mg%, SGOT 25 UIL, 
SGPt 18 U/L, and total bilirubin 1.3 mg%. Anesthesia 
was induced and maintained with a single bolus of 
sufentanil 10 g/kg, pancuronium, oxygen, and con- 
trolled ventilation similar to the first operative proce- 
dure. The anesthetic and operative courses were 
unremarkable, with a cross-clamp time of 25 minutes 
and an estimated blood loss of 25 ml. 

In the immediate postoperative period, the patient 
maintained stable hemodynamics and respiratory 
function, was weaned from inotropic support, and 
extubated on the 5th postoperative day. Over the 
next few days the patient developed increasing re- 
spiratory distress requiring reintubation, mechanical 
ventilation, and inotropic support with dopamine. 
The patient continued to have acute, intermittent 
decompensations consisting of severe hypoxemia, 
hypercarbia, and hypotension despite maximal med- 
ical management of presumed episodes of pulmonary 
artery hypertension. The patient had a cardiac arrest 


~ 


CLINICAL REPORTS 


on the 8th postoperative day during a severe hypox- 
emic, hypotensive episode, and died. Autopsy 
showed pulmonary hypertensive vascular changes, 
pulmonary edema in the right lung, a VSD, hyper- 
trophied myocardium, and no residual coarctation. 
The liver showed swollen hepatocytes due to passive 
congestion and cholestatic changes secondary to hy- 
peralimentation. The kidneys showed only patchy 
areas of tubular epithelial necrosis. 


Case 2 


A 4day-old, 3.1-kg neonate. with Ebstein’s anomaly 
(right ventricular, dysplasia and tricuspid regurgita- 
tion) and pulmonary atresia was anesthetized for a 
right modified Blalock-Taussig shunt. At the time of 
the procedure the patient had severe hypoxemia due 
to reduced pulmonary blood flow while receiving an 
infusion of prostaglandin E, for maintenance of PDA 
patency and significant congestive heart failure de- 
spite dopamine and furosemide therapy. Pertinent 
laboratory findings before surgery included cardio- 
megaly on chest radiograph, BUN 16 mg%, creatinine 
0.6 mg%, SGOT 92 U/L, SGPT 38 U/L, and total 
bilirubin 6.5 mg%. General anesthesia was induced 
and maintained with a single bolus of sufentanil 10 
ue/kg, pancuronium, and oxygen. Ventilation was 
controlled during the operative procedure and con- 
tinued in the immediate postoperative period. The 
anesthetic and operative courses were uneventful; 
estimated blood loss was 10-15 ml. 

The postoperative course was marked by respira- 
tory failure due to persistent congestive heart failure 
and right hemidiaphragm paralysis occurring at the 
time of the initial surgery, requiring mechanical ven- 
tilation. Because of the paradoxical motion of the 
right diaphragm during spontaneous breathing con- 
tributing to ventilatory dependency, the patient was 
scheduled for a diaphragmatic plication on the 20th 
day of age. At the time of surgery the patient was 
receiving digoxin, a dopamine infusion, and furose- 
mide as anticongestive measures and a procainamide 
infusion for control of atrial tachyarrhythmias. Perti- 
nent laboratory findings at this time showed in- 
creased cardiomegaly on chest radiograph, BUN 23 
mg%, creatinine 0.6 mg%, SGOT 105 U/L, SGPT 42 
U/L, and a total bilirubin of 1.1 mg%. Anesthesia was 
induced and maintained with a single bolus of sufen- 
tanil 10 ug/kg, pancuronium, oxygen, and controlled 
ventilation in a manner similar to the first operative 
procedure. The anesthetic and operative courses 
were unremarkable, with a estimated blood loss fo 25 
ml. The patient was extubated on the 3rd postopera- 


tive day and was discharged in satisfactory condition 
on the 10th postoperative day. 


Case 3 


A 2-day-old, 3.3-kg neonate with a univentricular 
heart and pulmonary atresia was anesthetized for a 
left Blalock-Taussig shunt because of systemic hypox- 
emia. At the time of surgery the patient was being 
ventilated and was receiving a dopamine infusion for 
inotropic support and prostaglandin E, to maintain 
PDA patency and pulmonary blood flow. Pertinent 
laboratory findings before surgery included cardio- 
megaly on chest X-ray, BUN 12 mg%, creatinine 0.6 
mg%, SGOT 47 U/L, SGPT 30 U/L, and a total 
bilirubin of 10.9 mg%. General anesthesia was in- 
duced and maintained with a single bolus of sufen- 
tanil 10 wg/kg, pancuronium, and oxygen. Ventila- 
tion was controlled during the operative procedure 
and continued in the immediate postoperative pe- 
riod. The anesthetic and operative courses were un- 
eventful, and estimated blood loss was 20 ml. 

In the postoperative period the patient could not 
be weaned from the ventilator due to left lung atelec- 
tasis, subsequent bronchoscopy showing extrinsic 
compression of the left mainstem bronchus due to 


‘aberrant origin of the left pulmonary artery (PA). 


Because of respiratory failure and ventilatory depen- 
dency, the patient was scheduled for a left PA divi- 
sion procedure through a median sternotomy at 27 
days of life. At the time of surgery, the patient was 
receiving dopamine, isoproterenol, and sodium ni- 
troprusside for hemodynamic support to control con- 
gestive heart failure and blood pressure instability, 
and hyperalimentation for nutritional support. Perti- 
nent laboratory findings demonstrated increased car- 
diomegaly on chest X-ray, BUN 26 mg%, creatinine 
0.6 mg%, SGOT 42 U/L, SGPT 88 U/L, and a total 
bilirubin of 7.6 mg%. Anesthesia was induced and 
maintained with a single bolus of sufentanil 10 ug/kg, 
pancuronium, oxygen, and controlled ventilation in a 
manner similar to the first operative procedure. The 
anesthetic and operative courses were unremarkable, 
with an estimated blood loss of 20 ml. i 
Bronchoscopy on the 3rd postoperative day 
showed significant improvement of the bronchial 
compression. However, the patient could not ‘be 
weaned from the ventilator due to development of'an 
intercurrent pneumonia and died on the 8th postop- 
erative day during an episode of gram-negative 
sepsis. Autopsy showed a univentricular heart with a 
single atrium and single AV valve, as well as a patent 
left Blalock-Taussig shunt, significant hypertrophy: of 
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Table 1. Sufentanil Pharmacokinetics 








Tha Tip cl Vd,, Kio Kiz Kə; 

Case (min) (min) (ml-kg -min ') (Likg ') (min ') (min ') (min ') 
1 

X 23.2 434 4.3 2.6 0.011 0.215 0.190 

Y 160 18.8 3.2 0.023 0.213 0.148 
2 

X 20.7 332 6.7 2.9 0.026 0.354 0.118 

Y 10.5 242 19.3 3.3 0.027 0.264 0.255 
3 

X 17.7 1140 ri a7 0.0041 0.290 0.215 

Y 8.8 248 12.9 0.083 0.794 0.308 

A a B B P T Kai Kis 

Case (ng/ml) (min ') (ng/ml) (min`') (mg/ml) (min ') (min ') (min ') 
1 

X 1.26 0.096 1.81 0.0016 9.99 0.623 0.045 0.200 

Y 2.88 0.033 1.95 0 0048 7.47 0.395 0.016 0.027 
2 

X 2.02 0.029 1.36 0 0021 15.98 0.567 0.013 0.090 

Y 3.60 0.079 1.25 0 0028 9.10 0.614 0.019 0.129 
3 

X 5.32 0.039 3.51 0 0006 15.48 0.547 0.015 0.061 

Y 7.04 0.066 1.47 00027 70.00 1.00 0.009 0.173 


Abbreviations: X; First pharmacokinetic study (0-7 days). Y; Repeat pnarmacokinetic study (20-28 days). T4. Slow distribution half-life; T4 a elimination 
half-life, Cl = clearance; Vd,., Volume of distribution, A, intercept of slow distribution half-life; a, slope of slow distribution half-life; B, intercept of elimination 
half-life; 8, elimination half-life; P, intercept of fast distribution half-life; + slope of fast distribution half-life; Kjo Kiz Ko,, K3,, and Kj,, the intercompartment 


kinetic constants. 


the myocardium, and moderate pulmonary conges- 
tion. Liver showed generalized enlargement and 
swelling of the hepatocytes, with vacuolar and cho- 
lestatic changes resulting from hyperalimentation. 
The kidneys demonstrated congestive changes of the 
parenchyma. 


Pharmacokinetic Methodology and Results 


As part of a standardized pharmacokinetic protocol 
approved by the Institutional Review Board, sufenta- 
nil was administered to each patient in the same 
bolus dose as part of the primary anesthetic for 
surgery during the first week of life. Each of the 
reported patients required a second major operaticn 
at 3 to 4 weeks of life, where sufentanil pharmacoki- 
netic studies were repeated following the same pro- 
tocol. During all studies arterial blood was sampled 
for measurement of plasma sufentanil concentrations 
before and 1, 2, 5, 9, 11, 15, 20, 25, 30, 35, 45, 55, 8), 
100, 120, 180, 240, 300, 360, 480, 600, 900, and 1200 
minutes after bolus infusion. Sufentanil plasma con- 
centrations were determined in duplicate by radioim- 
munoassay (3) and the concentrations were fitted 
using a least squares, nonlinear regression to a three- 
compartment pharmacokinetic model (4). Table 1 


summarizes the pharmacokinetic data in the three 
neonates. Using standard formulas (5), we deter- 
mined slow distribution half-life (t:,), elimination 
half-life (tış), total plasma clearance (Cl), and the 
steady-state volume of distribution (Vd,,) for each 
patient (6). In each patient there was an increase in 
Cl, decrease in tig, and increase in Vd,, with advanc- 
ing age during the neonatal period (Fig. 1). Clearance 
increased in Patient 1 by 441%, in Patient 2 by 291%, 
and in Patient 3 by 782%. Elimination half-life de- 
creased in Patient 1 by 270%, in Patient 2 by 137%, 
and in Patient 3 by 460%. 


Discussion 


In neonates, important pharmacokinetic differences 
for the synthetic narcotics, fentanyl and sufentanil, 
have been reported when used as primary anesthetic 
agents when compared to older infants, children, and 
adults (1,2,7). Johnson et al. (8) first showed that 
fentanyl clearance is decreased in neonates compared 
to adult patients. Koehntop et al. (1) subsequently 
reported greater variability in clearance rates and 
increased elimination half-life of fentanyl in neo- 
nates. In a previous report we noted important age- 
associated decreased clearance and increased elimi- 
nation half-life of sufentanil when used as a primary 
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Figure 1. Sequential pharmacokinetic analysis of sufentanil elimi- 
nation (Tj,), clearance (CL), and volume of distribution (Vd,.) in 
three neonatal patients. 


anesthetic agent in neonates (2). Little is known 
about the mechanisms causing the variability and 
decreases in drug clearance observed in the neonatal 
age group in these studies. Furthermore, it is not 
known when mature drug elimination develops in 
newborns. 

We report the first sequential pharmacokinetic 
studies of the same anesthetic agent within the first 
month of life in three patients, in whom age- 
associated maturation of drug elimination was ob- 
served. In all three patients the initial pharmacoki- 
netic study was performed during the first week of 
life and repeated in each patient during reoperation 
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between 3 and 4 weeks of age. All patients had 
cardiovascular disease initially and had clinical and 
laboratory evidence of persistent congestive heart 
failure at reoperation. It is likely that congestive heart 
failure was also present at the first operation. Sequen- 
tial analysis of hepatic and renal function (e.g., he- 
patic transaminases, total bilirubin, creatinine, BUN) 
showed mild and persistent abnormalities in liver 
and renal function. Autopsy in two of the cases 
revealed persistent congestive heart failure, passive 
congestion of the liver and renal parenchyma due to 
congestive heart failure. Despite these persistent pa- 
thophysiologic processes, i.e., congestive heart fail- 
ure and hepatic dysfunction, the sequential pharma- 
cokinetic studies in each patient revealed improved 
clearance and elimination of sufentanil. Because su- 
fentanil is metabolized by oxidative N-dealkylation 
and subsequently cleared by the liver (9), the ob- 
served changes in clearance and elimination in our 
three patients were likely the result of changes in 
availability of sufentanil to the liver (hepatic blood 
flow) and/or changes in liver metabolism (maturation 
of microsomal enzyme activity). 

Pelkonen et al. (9) demonstrated that microsomal 
enzyme activity is lower in human fetal than in 
human adult livers. These differences were related to 
maturational changes in organ development thought 
to occur in the neonatal period. Morselli et al. (10) 
reported a dramatic increase in the metabolic rate of 
drug degradation occurring during the first 15 days of 
life and speculated that the changes were due to the 
exposure of the neonatal liver to both inducing agents 
and redistribution of hepatic blood flow. The matu- 
ration of hepatic enzymatic activity would improve 
clearance and elimination due to improvements in 
drug degradation. Alternatively, redistribution of he- 
patic blood flow is known to occur in the neonatal 
period due to the closure of the ductus venosus, 
resulting in increases in hepatic blood flow (11,12). 
The latter would be expected to improve clearance 
because of increased availability of drug to the liver. 

Comparing the neonatal pharmacokinetic data to 
our previous report, in which we examined various 
age groups in the pediatric population, in this study 
we observed similar changes in kinetics in the same 
patients advancing in age (Table 2)—that is, we 
observed a similar decrease in sufentanil clearance 
and increase in elimination half-life during the first 
week of life. The increase in clearance and decrease in 
elimination half-life by age 20-28 days is consistent 
with the pharmacokinetic data for the previously 
reported infant group (1 month to 2 years) (Table 2), 
giving direct evidence of the maturation of sufentanil 
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Table 2. Comparative Sufentanil Pharmacokinetic Values 


Ti, Tis Cl VD 

Age (min) (min) (ml-kg "min ') (Lixg) 

0-1 month* (n = 9) 23.4 737 6.7 4.15 

1 month-2 years* (n = 7) 15.8 214 18.1 3.09 

2-12 years* (n = 7) 19.6 140 16.9 2.73 

12-16 years* (n = 5) 20.4 209 13.1 2.75 
Neonatest (0-8 days) 20.5 635 4.2 2.7 
Neonatest (20-28 days) 8.8 217 17.3 3.4 


“Pharmacokinetic values in the different age groups from a previeus 
report (see Ref. 2). 
tMean values of three neonates in present report. 


kinetics in the same patients during the first month of 
life. 

Our observation of improved sufentanil clearance 
and elimination in the neonatal period is most likely 
due to this known age-related maturation of the 
hepatic microsomal enzyme activity and/or age- 
related redistribution of hepatic blood flow. Because 
clinical, laboratory, and autopsy evidence of persis- 
tent congestive heart failure, mild hepatic, and renal 
insufficiency was present in our patients during the 
neonatal period, disease-related improvements in su- 
fentanil kinetics cannot be assumed. Although con- 
founding variables such as a degree of congestive 
heart failure or hepatic blood flow were not quanti- 
tated, the persistence of cardiac, hepatic, and renal 
dysfunction throughout the neonatal period leads us 
to believe that age-related changes rather than dis- 
ease-related changes were the primary factor imprev- 
ing sufentanil clearance and elimination. Alterra- 
tively, the exposure to other drugs during these 
patients’ intensive therapy may have contributed to 
hepatic enzymatic induction and improved drug me- 
tabolism. 

In conclusion, the present case reports offer the 
first evidence of age-related maturation of drug me- 
tabolism in the same patients with the same drug in 
the neonatal period. Our findings support the hy- 
pothesis of age-related maturation in hepatic enzyme 
activity and/or redistribution of hepatic blood flew 
with resultant improvement in sufentanil degraca- 
tion. The variable rate of hepatic microsomal enzyme 
maturation as well as changes in redistribution of 
blood flow known to occur in the first weeks of Lfe 
account for the variability observed in the use of 
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synthetic narcotics. The variability in clearance of 
sufentanil in the early neonatal period makes dosing 
of this drug and its duration of anesthetic response 
unpredictable. We believe this variability decreases 
during the neonatal period where sufentanil pharma- 
cokinetics soon start to show pharmacokinetics seen 
in infants and children at approximately 1 month of 
age, allowing more predictable dose-responses for 
sufentanil at that time. 


We thank Mrs. Ann Hogan for secretarial assistance in the prepa- 
ration of this manuscript. 
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The Use of Nitrous Oxide Is 
Decreasing in Seattle 


To the Editor: 


Because of concern about the possible risk to operating 
room personnel, inhibition of methionine synthetase, in- 
creased nausea, expansion of gas-containing spaces, and 
other effects, the need for continued use of nitrous oxide 
has come under scrutiny (1). We wondered whether the 
controversy has led to a change in the use of the anesthetic 
in our clinical practice. 

To answer the question, we determined the percentage 
of patients receiving general anesthesia with nitrous oxide 
at the University of Washington hospitals from 1981 
through 1986, using a departmental data base (2). 

Over the 5 years examined, the use of nitrous oxide 
decreased from a high of 84% in 1982 to 43% in 1986 (Fig. 1). 
Because there has been no formal change in departmental 
policy regarding the use of nitrous oxide and no major 
change in operative procedures or in our patient popula- 
tion, we attribute this decreased utilization to the increased 
publicity over possible adverse effects of the anesthetic. 
From these data, we were unable to determine whether this 
phenomenon is unique to our institutions, or whether it is 
representative of a national trend. 


Geoffrey L. Tyson, Mp 

Bruce F. Cullen, MD 

Department of Anesthesiology 

University of Washington School of Medicine 
Harborview Medical Center 

Seattle, WA 98104 
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YEAR 


% OF GENERAL ANESTHETICS WITH N20 
o 8 & 8 B 


Values above columns represent number of N20 cases 


Figure 1. The percentage of general anesthetics, utilizing nitrous 
oxide, administered at the University of Washington Hospitals 
from 1981-1986. 
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Temporomandibular Joint 
Subluxation on Induction of 
Anesthesia 


To the Editor: 


Anesthesiologists are often concerned with the immobile 
temporomandibular joint secondary to rheumatoid arthri- 
tis, gout, trauma, or some other etiology (1). A recent article 
in this journal (2) reported an interesting problem of an 
abnormal temporomandibular joint resulting in inability to 
open the mouth for tracheal intubation under general 
anesthesia. This letter describes the opposite situation: 
hypermobility and subluxation of the temporomandibular 
joint associated with induction of anesthesia. 

Anesthesia was induced in a 30-year-old woman having 
an emergency cesarean section with 5 mg/kg thiopental 
followed by 1.5 mg/kg succinylcholine IV. Preoperatively, it 
had been established that she had good mouth opening 
and neck flexion. Before full paralysis and before a» jaw 
manipulation, the patient's mouth fell open sponta: <: usly 
with a yawn, and stayed in that position. Intubation of the 
larynx with an endotracheal tube was achieved easily and 
atraumatically. Surgery and delivery of a healthy baby 
followed uneventfully. On emergence from the anesthetic 
the patient was extubated in the left lateral position and 
allowed to breath oxygen via a face mask through her still 
open mouth. Over the next 30 minutes, she began to 
develop swelling and discomfort over the left temporoman- 
dibular joint and was unable to close her mouth. An urgent 
X-ray film was taken, confirming anterior subluxation of 
the mandibular head, which was easily reduced by an 
otolaryngologist, using intravenous diazepam for sedation. 
The patient’s swelling and discomfort settled quickly and 
she regained full jaw mobility. Further inquiry revealed one 
previous episode, some years earlier, when the subluxation 
was associated with laughing. 

This brief case report, although associated with no 
serious sequelae, should serve to remind anesthesiologists 
of this possibility in patients with previous subluxation. 
Dislocations of the temporomandibular joints have been 
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reported as a complication of fibreoptic bronchoscopy (3) 
and general anesthesia (4). This case was unusual, though, 
in that subluxation occurred before jaw thrust and intuba- 
tion, either from a yawn after the IV induction or from 
masseter and temporalis muscle relaxation (these musc.es 
being the normal temporomandibular joint stabilizers). 

Most anesthesiologists would agree that in the course of 
a troublesome intubation attempt, with a vigorous jaw 
thrust and subsequent traction on the laryngoscope handle, 
temporary subluxation is possible even in patients wth 
normal temporomandibular joints. Fortunately most 7e- 
duce easily at the time, but we draw to the reader's 
attention the risks incumbent in not being aware that 
dislocation has occurred. Temporomandibular joint haema- 
toma and subsequent intraarticular adhesion formation is a 
possibility, because the retrocondylar aspect of the joint is 
highly vascular. Displacement of the meniscus can occur 
and, rarely, auriculotemporal nerve damage from traumatic 
dislocation has been described (5) leading to joint laxity. 
This could be embarrassing, professionally and medicoleg- 
ally, if the joint was normal preoperatively. 


David R. Gambling, MB, BS, DRCOG, FRCPC 


Peggy L. E. Ross, Mp, ssc(MEDS), FRCPC 
Division of Obstetric Anesthesia 

University of British Columbia and Grace Hospital 
Vancouver, B.C. Canada V6H 3V5 


References 


1. Tey HK. Difficult intubation as a result of unsuspected abnormality of the 
TM joint (letter). Anaesthesia 1986;41:436-7. 


2. Redick LF, The temporomandibuler joint and tracheal intubation, Anesth 
Analg, 1987;66:675-6. 


3. Kim SK, Kim K. Subluxation of the TM joint. Unusual complications of 
transoral bronchoscopy. Chest 1983;83:288-9. 


4. Sosis M, Lazar S. Jaw dislocation during general anesthesia. Can J 
Anaesth 1987;34:407-8. 


5. Moore KL, ed. Clinically orientated anatomy 2nd edition. Baltimere: 
Williams & Wilkins, 1985. 


Control of Cocaine-Induced 
Hypertension with Labetalol 


To the Editor: 


Cocaine overdose evokes an overwhelming sympathetic 
stimulation of the cardiovascular system. Uncontrolled 
hypertension damages vascular endothelium, which may 
result in pulmonary and cerebral edema, hemorrhage, or 
infarct (1). The increased level of catecholamines may 
induce coronary artery spasm producing platelet aggrega- 
tion (2). Autopsied heart tissue from cocaine fatalities has 
shown evidence of severe coronary obstructive lesions and 
areas of necrotic band scarring. Propranalol has been 
widely employed to control the hypertension induced by 
cocaine (3). However, a lethal hypertensive exacerbation 
has been attributed to unopposed alpha stimulation (4). 
Labetalol thus offers the advantage of both alpha- and 
beta-blockade. 

To illustrate the profound cardiovascular crisis indueed 
by cocaine, we report a 31-year-old man who ingested 20 
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gm cocaine. On arrival in the emergency room, his heart 
rate was 185 beats/min, his blood pressure 230/110 torr, his 
respiratory rate 30 breaths/min, and his axilary temperature 
37.9°C. Within minutes the patient had a tonic-clonic sei- 
zure that was terminated with diazepam 10 mg IV. The 
airway was secured with an endotracheal tube. Electrocar- 
diography showed a supraventricular tachycardia with 
mulifocal PVCs. A head CT scan revealed difuse cerebral 
edema. Labetalol, 20 mg IV bolus followed by an infusion at 
160 mg/hr, proved effective in resolving this hyperdynamic 
cardiovascular state over a 4-hour period. Full recovery 
then ensued with the patient being discharged the follow- 
ing day. 

Immediate medical response is essential in instituting 
measures to control the lethal complications of a cocaine 
overdose. A patient airway must be immediately secured 
and adequate oxygenation assured in the face of a hyper- 
metabolic state. This case specifically demonstrates the use 
of labetalol in managing the cardiovascular crisis induced 
by cocaine. 

George R. Gay, MD 


University of California, Davis Medical Center 
Department of Anesthesiology 


Keith A. Loper, MD 
University of Washington 
Department of Anesthesia 
Seattle, WA 98195 
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Silent Gene Recognition 


To the Editor: 


We read with interest the article by Smith et al. (1) That a 
patient with abnormal cholinesterase would respond as this 
one did could have been expected on the basis of other 
reports involving ester-type local anesthetics (2-4). The 
caution that they propose is absolutely correct. We believe, 
however, that the phenotype of this patient is different 
than that they propose. On the basis of a dibucaine number 
of 0 and a complete absence of cholinesterase activity, the 
diagnosis must be the extremely rare homozygous silent 
(E,*E,°) patient. 

This situation was described by Liddell et al. (5) in 1962. 
In a heterozygotic patient carrying the silent gene, there 
would be cholinesterase activity and a dibucaine number 
totally dependent on the other gene (Table 1). In this 
particular instance, genotype may be identical to pheno- 
type, but only family generational studies would be confir- 
matory. 
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Table 1. Pseudocholinesterase Variance 


Dibucaine Pseudocholin-esterase 
Genotype number activity U/L 
E,"E," 79-87 690-1560 
E,"E,* 78-86 329-870 
E,"E," 55-72 433-1197 
E,*E,* 14-27 190-732 
EFE, 16-27 146—450 
E,*E;° = 048 


Reprinted with permission from Viby Mogensen J. Cholinesterase and 
succinyl-choline. Copenhagen: Laegeforeningens Forlag, 1982;8. 


Garry S. Sklar, MD 

David D. Sonn, mp 
Department of Anesthesiology 
Bronx Lebanon Hospital Center 
Bronx, N.Y. 10457 
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Epidural Air Bubbles and Frothy 
Syllogisms 


To the Editor: 


It is possible to imagine that a froth of air and fluid in the 
epidural space might impede transfer of local anesthetic 
across the meninges into the CSF, spinal roots, and cord 
(1). However, this concept has not been tested quantita- 
tively. We do know that isolated bubbles are an inevitable 
consequence of the loss-of-resistance test (LORT) with air; 
therefore, we have advised that air be avoided when 
performing diagnostic peridurography (2), although count- 
less epidural anaesthetics have been induced without inad- 
equacies attributable to bubbles. 

Dalens et al. (1) confirm that peridurography will always 
display isolated bubbles if air is employed for the LORT, 
but they use the association of bubbles with two cases of 
patchy epidural blockade as a major premise to conclude a 
cause and effect relation, and to impute bubbles as a 
universal bogey in all epidurals. This logic is flawed. 
Consider the two cases cited. Both had paravertebral tu- 
mors of unspecified, nature. The spinal canal was invaded 
and obstructed in one and, possibly in the other. An 
isotonic mixture of bupivacaine 0.5% and lopamiron-200 
(generic name, lopamidol-200; contains 200 mg molecular 
iodine per ml; osmolality, 413 mOsm/kg at 37°C) was 
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injected in unspecified volumes and proportions. lopami- 
dol-200 is hyperosmolar (413 mOsm), and so an isotonic 
mixture may be estimated to contain six to seven parts of 
lopamidol-200 and three to four parts of bupivacaine, with 
a ‘inal iodine concentration of 130-140 mgI/ml. The density 
of the peridurograms seems consistent with this concentra- 
tion of iodine. The final concentration of bupivacaine 
would have been in the region of 0.15-0.2%, adequate for 
hypalgesia but inadequate for surgical anesthesia. Thus, 
patchy analgesia is entirely explicable on the pathologic and 
pharmacologic facts presented, without invoking more 
esoteric factors. 

Heterodoxy is admissible when based on sound data 
and parsimonious logic, but in the words of William of 
Ockham “Non sunt multiplicanda entia praeter necessita- 
tem”—“Don’t complicate things unnecessarily.” 

Philip R. Bromage, MBBS, FFARCS, FRCP(C) 
Department of Anaesthesia 

King Khalid University Hospital 

Riyadh 11472, Saudi Arabia 
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In Response: 


We read with interest the comments of Dr. Bromage 
cencerning our case report (1). We agree with his statement 
that cause and effect relations are virtually impossible to 
establish in humans because true experimental evaluations 
are not allowed, at least for ethical reasons (especially in 
children). 

The problem of patchy epidural analgesia is irritating 
even if infrequent. Several mechanisms have been sug- 
gested to explain this: existence of an adhesive arachnoi- 
ditis, presence of an epidural median band and/or insuffi- 
cient penetration of local anesthetics into the core of the 
roots (2,3). In our patients, the first two hypotheses are 
not tenable: arachnoiditis would have more probably oc- 
curred at the site of the tumor compression and the 
peridurograms are not consistent with either arachnoiditis 
or a median epidural band. With the latter hypothesis, 
painful gaps would have occurred in dermatomes supplied 
by large spinal nerves in the absence of additional factor(s) 
(such as epidural bubbles): this might have been expected 
for L3-S2 spinal nerves, as usually reported (2,3), but not 
for T12 or even L1, which are relatively thin spinal nerves 
(Fig. 1). 

The injected solution consisted of 1 part 0.5% bupiva- 
caine with 1/200,000 epinephrine (279 mOsm/ml) plus 0.66 
pert lopamiron-200 (463 mOsm/ml). The final solution was 
345-355 mOsm/ml with 0.30-0.31% bupivacaine. This con- 
centration proved to be sufficient for completion of surgery 
in both patients cited in our paper and in many others of 
our personal series. The only problem encountered was 
related to the placement of a forceps on an area supplied by 
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Figure 1. Anatomy of the spinal cord and roots in children. Note 
the relative size of spinal nerves at T-12 and L-3 levels. BP, 
brachial plexus; LSP, lumbosacral plexus. 


the T12 or L1 spinal nerve, i.e., a few dermatomes below 
the upper limit of analgesia (Patient 1). Therefore, it is our 
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impression that patchy anesthesia is not “entirely explica- 
ble” by the concentration of bupivacaine. 

On the other hand, the peridurograms are consistent 
with the existence of epidural bubbles located close to the 
spinal roots and nerves supplying the unanesthetized der- 
matomes, while no bubbles in such a location could be 
found in other spinal segments (except at L3-L4 levels, as 
mentioned in Patient 2). This might have been fortuitous, 
but we found this unexpected association surprising 
enough to deserve reporting. Our objective was not to 
discourage the future use of the air detection technique by 
presenting it as a “universal bogey”, but only to warn our 
colleagues of possible complications resulting from this 
technique. 

Of course, thousands of uneventful anesthesia have 
been performed using the air-detection technique of the 
epidural space, but there also have been reports of specific 
complications including venous air embolism (4) and leak- 
age of air into deep fascial planes of the back leading to 
cervical emphysema (5-7). We think that our observations 
suggest another potential complication of the air-detection 
technique: the possible role of epidural bubbles in produc- 
ing or favoring patchy anesthesia. It would certainly be 
interesting if a (prospective) study could comparatively 
evaluate the frequency of unblocked segments after either 
air or fluid detection technique of the epidural space, 


Bernard Dalens, MD 

Jean-Etienne Bazin, MD 

Jean-Pierre Haberer, MD 

Department of Anesthesiology Pavilon Gosselin 
63003 Clermont-Ferrand 

France 
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Book Reviews 


Cardiovascular Actions of Anesthetics and 
Drugs Used in Anesthesia 

Volume 2: Regional Blood Flow and Clinical 
Considerations 

B. M. Altura, S. Halevy, eds., Basel, Switzerland: S. 
Karger, 1986, 294 pp, $108.00. 


This volume completes the twin monographs that were 
conceived to present, in a critical and state-of-the-art fash- 
ion, the effects of anesthetics on the cardiovascular system 
to “as large a biomedical readership as possible.” 

For this volume, the editors have again drawn on and, 
judging from the introduction and content, given free rein 
to an international roster of contributors. The result is a 
spectrum of quality, style, and adherence to the basic 
concept of the book. 

The first part of the book picks up logically where 
Volume 1 left off and comprises chapters dealing with 
regional blood flow in various organ systems: the brain, the 
heart, the lungs, the splanchnic system, and the kidneys. 
The chapter on the pulmonary circulation ranks among the 
best reviews on this subject and, in a readable manner 
clearly and succinctly reviews the methodologic problems 
and interpretive pitfalls of the existing data, which are 
amply presented. The effects of anesthetics on the cerebral 
and the splanchnic circulations are reviewed, referenced, 
and interpreted in an exhaustive and scholarly fashion. On 
the other hand, the opening chapter entitled “Overview” 
and a separate chapter on liver circulation are examples of 
repetitions often inherent in a multiauthored text such as 
this, because no additional insights are expounded in these 
chapters. Without major editorial intervention, each repe- 
tition tends to reflect only the subset of literature surveyed 
and leads to conflicting conclusions. 

Considering the editors’ renown in microcirculation 
research, this reviewer is disappointed by the absence of 
discussion on the cellular mechanism of anesthetic effect on 
the vascular smooth muscle, the role of Ca?* ion and 
antagonists, and the role of the endothelium. 

The second part of the book, four chapters in all, is 
assigned to “highlight some clinical conditions which de- 

e particular attention.” Herein the book begins to 
flounder. A straightforward review of the cardiovascular 
effect of anesthesia in children (hardly qualifying as a 
clinical condition) constitutes the first chapter. Two chap- 
ters that lack focus and consistency are devoted to shock 
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and trauma. The first chapter, entitled “Anesthetics and 
Shock: Practical and Basic Considerations,” launches into a 
discussion of monitoring and a simplified rundown of 
various available anesthetics, but glosses over the funda- 
mental aspects of shock and possible interaction with 
anesthetics. The second chapter, entitled ‘Influence and 
Use of Anesthetics on the Cardiovascular System During 
Shock and Trauma,” is a most curious choice in such an 
advanced volume because it attempts to illustrate some 
clinical points using hypothetical case examples. It might be 
appropriate in an introductory text for medical students, 
except for the annoying and inaccurate writing, the pedan- 
tic stance, and some troubling suggestions. For example, 
how many anesthesiologists or intensivists would opt for a 
high spinal anesthetic as an afterload reducing agent in a 
trauma-shock patient, as proposed by the author? The last 
chapter, entitled ‘“Hypotensive Anesthesia and Its Effects 
on the Cardiovascular System,” is notable for the lack of 
discussion of the effect of induced hypotension on the 
circulation. Instead, it is a rather perfunctory description of 
the various pharmacologic agents available for induction of 
hypotension. 
The well-read anesthesiologist and serious biomedical 
student will find in this volume little that is new nor 
enough critical writing to challenge their thoughts. A less 
experienced or learned trainee is apt to be confused by 
some of the presentations and suggestions. Nevertheless, 
tke conception of these twin monographs was a commend- 
able goal. This reviewer hopes that in a future edition, with 
more rigorous editorial effort, these two volumes can be 
consolidated into a single reference volume that will find a 
place in every medical library, and on every clinician’s 
bookshelf. 


Hak Y. Wong, MD 

Assistant Professor of Anesthesia 
Northwestern University Medical School 
Chicago, IL 60611 


Handbook of Physiology, Section 3: The 
Respiratory System, Volume IV, Gas Exchange 
Leon E. Farhi, S. Marsh Tenney, eds., Bethesda, 
Maryland; American Physiological Society, 1987, 468 pp. 
$165.00. 
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The series of Handbooks of Physiology have earned widely 
deserved acclaim over the years as the sourcebooks for 
current, scholarly, and detailed treatments by recognized 
experts of the accumulating knowledge in physiology. This 
volume has maintained the tradition and is an outstanding 
collection of reviews on both theoretical aspects of the 
analysis of gas exchange and the functional performance of 
the pulmonary system as a gas exchanging organ. 

The first 15 of the 20 chapters present the theoretical 
framework on which the physiology of pulmonary gas 
exchange has been developed. Although the topics may 
sound too familiar (i.e., ventilation-perfusion relationships, 
blood oxygen transport, carbon dioxide transport, and so 
on) or too dry (laws of physics pertaining to gas exchange 
or difference of gases), the presentations are neither. It is 
evident at once that the authors are emphasizing the mew 
and important developments in their fields or have devel- 
oped a fresh format to present a concept more clearly, 
which perhaps has not been appreciated before. The first 
two chapters are examples of the latter. A. B. Otis presents 
an overview of gas exchange as a sequence of conductance 
and pressure differences. The idea is not new in principle, 
but from the total picture some surprising insights eme=ge 
that will give the reader pause for thought. The topic of 
physics by R. H. Kellogg is developed entirely from the 
historic development of concepts, thereby revealing why 
we continue to use equations, units, and concepts that are 
paradoxical; the vignettes and asides are so nicely intro- 
duced as to bring the topics to life in an entertaining and 
valuable manner. 

The details of gas exchange, including ventilation in the 
lung, both the convective and diffusive components, and 
the factors governing the exchange and carriage in bleod 
are considered in consecutive chapters and each is a real 
contribution. Some of the highlights for this reviewer were 
as follows: The question of inhomogeneity of gas mixing in 
the alveolus has been an interesting theoretical question 
since it was suggested back in 1946. In a Chapter by J. 
Piiper and P. Scheid and in another by M. Hlastala, the 
theoretical and experimental basis and implications of this 
phenomena are discussed. While the theories have ex- 
panded considerably, the functional importance remains to 
be demonstrated. The discussion of ventilation-perfusion 
relationships by L. E. Farhi is as clear an explanation of the 
rational basis and technical consideration of the methods as 
is to be found. For those who have felt discouraged by this 
topic in the past, here is a concise, nonmathematecal 
presentation by one who has been responsible for many of 
the developments in the field. There is even a discussion of 
the basis of diffusion hypoxia and second and third zas 
effects associated with anesthesia. 

Another chapter that touches on anesthesia is a discus- 
sion by P. D. Wagner entitled “Peripheral Inert Gas 
Exchange.” Behind the somewhat uninspiring title is a 
review of topics as diverse as anesthetic uptake in tissves, 
the principles of organ blood flow measurement, and 
factors influencing transcutaneous gas measurements. The 
chapter is a masterly synthesis of very diverse literature 
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into a comprehensive theory that is both creative and 
incisively written. 

Many other chapters bear directly on the scientific basis 
of anesthetic practice. Gas exchange in body cavities, gas 
exchange in pregnancy, and gas exchange in the placenta 
are three such chapters. The discussion of gas exchange in 
the placenta is a thorough, informative and stimulating one 
that makes for difficult but satisfying reading. 

These are the highlights of a volume that is well written, 
well illustrated and well edited. If there is one regret, it is 
that no specific chapter was devoted to gas exchange 
during anesthesia. However, the topic is fundamental to 
the specialty of anesthesia and this book can be recom- 
mended to all those wishing to pursue the physiologic basis 
for gas exchange at a depth beyond the usual textbook 
presentation. 


Bryan E. Marshall, Mp, FRCP 

Horatio C. Wood Professor of Anesthesia 
University of Pennsylvania School of Medicine 
Philadelphia, PA 19104 


Medical Malpractice, A Preventive Approach 


W. O. Robertson, Mp, Seattle: University of Washington 
Press, 1985, 212 pp, $20.00. 


Despite efforts at control, malpractice suits continue to be a 
major problem. This book presents a unique viewpoint on 
this issue; it is an outcome of the author's experience as 
head of the Washington State Medical Association (WSMA) 
Risk Management Program and as director of the Quality 
Assurance Program at Children’s Orthopedic Hospital and 
Medical Center in Seattle. The author's basic premise is that 
physicians make errors, and that actual malpractice is the 
dominant explanation for the current malpractice problem. 
He notes that malpractice involves the full spectrum of 
medical practitioners, not just a few “bad” ones. The 
author also expresses the opinion that changes in the legal 
system, for example, elimination of contingency fees, or 
elimination of the jury, will not resolve the problem of 
physician error that results in patient injury. Rather, he 
suggests the profession must work together to reduce the 
incidence of error. Toward that goal Dr. Robertson system- 
atically reviews major problems that result in malpractice 
suits. He proposes approaches to identifying these prob- 
lems and techniques for resolving them. Chapters include a 
discussion of the doctor-patient relationship, informed 
consent, childbirth-related injuries, and problems with 
documentation. 

There is little material in this book directly related to 
anesthesia. However, he discusses a review of malpractice 
experience in the State of Washington. The following were 
among the problems that led to malpractice suits or made a 
suit difficult to defend: problems with the airway, admin- 
istration of the wrong drug or blood, anaphylactic reactions 
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to rapid administration of antibiotics, the anesthesiologist 
leaving the room during the case, inadequate monitoring, 
and altered records. 

The author strongly suggests that changes in practice 
will lead to a decreased incidence of law suits. Central to 
this proposal is the creation of review bodies in each 
hospital, anticipation and correction of problem areas, the 
institution of incident reports, and liaison committees at 
multiple levels to improve communication, particularly 
between physicians and nurses. 

This book is particularly interesting in that it is written 
by a physician, yet does not blame the legal community, 
“litigious” patients, or a few bad doctors for malpractice 
problems. The book is brief and relatively easy reading. The 
author makes extensive and effective use of case studies to 
illustrate his points. The relatively brief section devoted to 
anesthesia might make this book less interesting in anes- 
thesiologists, but the principles described apply to all 
medical specialties. The book would be particularly helpful 
to those involved in risk management. I suspect that a copy 
in one’s hospital or medical school library would serve all 
potential readers quite well. 


David S. Smith, Mp, PhD 

Assistant Professor 

Department of Anesthesia 

Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 





Pharmacology and Physiology in Anesthetic 
Practice 

R. K. Stoelting, Philadelphia: Lippincott, 1987, 859 pp, 
$65.00. 


This textbook, covering pharmacology and physiology is 
easy to read, detailed in the important areas, and achieves 
its aim. The author has made the study of pharmacology for 
anesthesiologists understandable, interesting, and as com- 
plete as the format will allow. The section on physiology is 
not as exhaustive but certainly is adequate if treated as an 
extensive summary. 

The pharmacology of the cardiovascular and sympa- 
thetic nervous system is particularly well done. Chapters 
concerning prostaglandins, renin, and serotonin are wel- 
come inclusions. Muscle relaxants and their antagonists 
are, as always, well explained by this author. The single 
writer approach has produced a clarity of style and selec- 
tion of topics that are well suited to just what an anesthe- 
siologist finds important. The intimate knowledge of the 
reference sources produces a uniformity of presentation 
and consistency of thought that is not always found in 
multiple author textbooks. 

The introductory chapters are excellent and lead the 
reader directly into the maze of pharmacological principles 
that are now necessary to interpret the myriad drugs and 
effects found in anesthesiology. The selection of chapters 
and the topics found therein is adequate both for the 
inquisitive practitioner and for the reviewing resident who 


ANESTH ANALG 97 
1988;67,95-8 


earnestly needs solid information, both for his or her 
practice and for the inevitable examinations. Clearly, the 
writer is a knowledgeable and experienced teacher of 
anesthesiology who has been able to combine both at- 
tributes in his writing. 

Many relevant clinical facts are used to produce empha- 
sis and describe application. Personal opinion of the author 
is tempered throughout but, again, his extensive clinical 
experience enhances the reading experience. The textbook 
is a must for anesthesiologists of all levels. Because of its 
clarity it will be widely read and quoted, so all teachers 
should be acquainted with its contents. 


Michael B. Howie, MD 

Associate Professor of Anesthesiology and Pharmacy 
Tie Ohio State University Hospitals 

Columbus, OH 43210 





The Automated Anesthesia Record and Alarm 
Systems 


Gravenstein, Newbower, Ream, Smith, eds., Stoneham, 
MA: Butterworth, 1987, 287 pp, $38.95. 


This is a great book! The authors and contributors are all 
acknowledged experts in their field and their accumulated 
clinical experience is presented in a group of papers from a 
symposium that concentrated on the most difficult area of 
computers in anesthesia, There are plenty of books on 
monitoring in anesthesia; this one focuses not on monitor- 
ing itself but the issue of what to do with the data acquired. 
In an era when new monitoring devices are appearing each 
year, the volume of data the anesthetist must review and 
record is increasing rapidly. Because most of these data are 
generated by machines, nearly all of this new data should 
be incorporated in the record. Because virtually all new 
instruments have a “computer” interface, the job of putting 
this data into the written anesthetic record should be trivial, 
right? Not so, and the reasons were apparent to anyone 
who has tried to create a system to accomplish this task. 

What is needed is a clinical clerk (a diligent medical 
student would do) to observe and record the activity in the 
room and the numbers on all the monitor displays. Turning 
a computer into a clinical clerk is not currently possible, but 
if these authors have anything to say about it, the comput- 
erized clinical clerk is just around the corner. Readers of 
this book will get a good idea of how the machines of the 
next decade will perform. 

The book has four sections comprising 24 papers, each 
independently written. An introductory paper begins each 
section and describes and contrasts the papers it contains. 
The writing throughout is retreshingly concise. Someone 
familiar with the field can read the entire work in a single 
day, although less experienced readers will want to read it 
more slowly. 

The first section is also the weakest, and this is almost 
always the case for a section labeled “Philosophy.” Mark 
Mitchell’s chapter on human factors is excellent and should 


98 ANESTH ANALG 
1988 ;67;95-8 


be required reading for all those who contemplate design of 
a new system. 

The second section, “Systems and Technology,” is the 
heart of the book. The best chapter is that by Frazier and 
Odom (‘Spatial Organization of a Computer-Assisted An- 
esthetic Record”), which is clear and most informatrve. 
They trace several generations of computer-generated 
record in a single institution and describe how and, more 
important, why the successive versions took on all rew 
formats. This chapter, more than any other, will be helpful 
to those wishing to computerize the generation of the 
record. 

Part III, titled “Problems and Approaches,” discusses 
some of the many issues surrounding alarms. Although 
much of the discussion is very general, Rampil’s chapter on 
artifact is quite good, and Fukui’s on artificial intelligenee is 
novel and exciting. 

The fourth section, “Acceptance,” is interesting. Un or- 
tunately there is a chapter on aircraft flight recorders and 
accident investigation that doesn’t really belong in this 
volume. The comparison between flying a plane and pilot- 
ing a patient through a surgical procedure is an old one, but 
not very apt. A plane is a mechanical device, relatively 
simple, easy to instrument, and exhaustively regulated and 
standardized. For the analogy to hold, one would have to 
take an aircraft with no sensors, install sensors and a 
recorder, fly it, land, and remove the sensors. Moreover the 
sensors would need to be universal—easily applied to any 
aircraft from a single-engine two-seater to a 747. This is 
clearly an idea that would not appeal to the pilots or 
passengers, and yet it is what we have to do in the case of 
anesthetic monitoring. 

The paper by the lawyer is characteristically norco- 
mittal. Perhaps a paper by a malpractice plaintiff's attormey 
would have been more instructive. 

What is missing from this book is any report from the 
industry that makes all the equipment. The monitoring 
business is very sophisticated and the new generatior of 
machines incorporates soft keys, menus, elaborate alarms, 
and so on. In fact, the latest generation of monitors nas 
already standardized many features of the display, inclad- 
ing trend recording and artifact rejection. One wishes for a 
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review by representatives of Siemens, Marquette, Hewlett- 
Packard and Spacelabs! 

In all, this book is very useful. Academic anesthesiolo- 
gists and engineers will find it most useful. Practicing 
anesthesiologists will enjoy its style and especially the 
introductory papers. 

It is a certainty that the automated anesthetic record is 
coming. It is equally certain that it will be different from 
anything presented here. This book gives us a view 
“through a glass darkly,” which is well worth reviewing. 
Anyone serious about monitoring and record keeping will 
want to own a copy. 


John S. McDonald, Mp 
Professor and Chairman 
Department of Anesthesiology 
The Ohio State University 
Columbus, OH 43210 
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A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, Mp 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 


Anesthesia and Analgesia, the oldest publication for the specialty of 
anesthesiololgy, is the official voice of the International Anesthesia 
Research Society. It publishes original articles, clinical reports, technical 
communications, review articles, and letters to the editor. 

All papers are reviewed by three or more referees. Acceptance is 
based upon significance, originality, and validity of the material pre- 
sented. Only one copy of the articles not accepted for publication will 
be returned to the author. 

The submitted manuscript should be accompanied by a covering 
letter that must include a statement to the editor about all submissions 
and previous reports that might be regarded as prior or duplicate 
publication of the same, or very similar, work. The title page and 
abstract of such material should be included with the submitted 
manuscript to help the editor decide how to deal with the matter. 

Manuscripts must be prepared and submitted in the manner de- 
scribed in “Uniform Requirements for Manuscripts Submitted to Bio- 
medical Journals,” reprinted in Annals of Internal Medicine 1982;96:766- 
71 and Lancet 1982;284:1766-70. 

No manuscripts describing investigations carried out in humans 
will be accepted for publication unless the text states that the study 
was approved by the authors’ institutional human investigation com- 
mittee and that written informed consent was obtained from all 
subjects or, in minors, by parents. No manuscript describing investi- 
gations in animals will be accepted for publication unless the text 
states that the study was approved by the authors’ institutional animal 
investigation committee. 

Human subjects should not be identifiable. Do not use patients’ 
names, initials, or hospital numbers. 

Authors and their typists should use the checklist given below for 
preparation of manuscripts: 


General 


g Original articles describe in 3000 words or less clinical or laboratory 
investigations. 


O Clinical reports describe in 1000 words or less either new and 
instructive case reports or anesthetic techniques and equipment of 
demonstrable originality, usefulness, and safety. 


O Technical communications are papers that deal with instrumentation 
and analytic techniques, 


9 Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material to aid in evaluating new concepts. 


g Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles or 
brief notations of general interest. The manuscripts must be double 
spaced, and a title and three copies must be provided. 


J Type manuscripts on white bond paper, 216 by 279 mm (8% by 11 
in.) or ISO A4 (212 by 297 mm) with margins or at least 25 mm (1 in) 
using double spacing throughout. 


O Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, should be on a 
separate page), and legends. Type only on one side of the paper and 
number pages consecutively, beginning with the title page. Type the 
page number in the upper right-hand corner of each page. 


©1988 by the International Anesthesia Research Society 


O Submit three copies of manuscript and figures in a heavy paper 
envelope. Submitted manuscripts should be accompanied by a 
covering letter, and pemissions to reproduce previously published 
materials or to use illustrations that may identify subjects. 


O Authors should keep copies of everything submitted. 


Tite Page 
C The title page should contain the title of the article, which should be 
concise but informative; 


© A short running head or footline of no more than 40 characters 
‘count letters and spaces) placed at the foot of the title page and 
identified; 


9 First name, middle initial, and last name of each author, with highest 
academic degree(s); each listed author must a) have participated in 
the work to the extent that he or she could publicly defend its 
contents; b) have read the manuscript prior to its being submitted for 
publication; and c) be prepared to sign a statement to the effect that 
they have read the manuscript and agree with its publication. 


O Name of department(s) and institution(s) to which the work should 
oe attributed; 

O Disclaimers, if applicable; 

O Name and address of author responsible for correspondence about 
che manuscript. 


O Name and address of author to whom requests for reprints should be 
addressed, or a statement that reprints will not be available from the 
author; 


O The source(s) of support in the form of grants. 


Abstract and Key Words 


The second page should carry an abstract of not more than 150 


words. (Abstracts are not needed for Clinical Reports.) 





O The abstract should state the purposes of the study of investigation, 
sasic procedures (study subjects or experimental animals; observa- 
donal and analytic methods), main findings (give specific data and 
their statistical significance, if possible), and the principal conclu- 
sions. Emphasize new and important aspects of the study or obser- 
vations. 


O Define all abbreviations except those approved by the International 
System of Units. 


O Key (indexing) terms: Below the abstract, provide (and identify as 
such) 3 to 10 key words or short phrases that will assist indexers in 
cross indexing the article and that may be published with the 
abstract. 


Text 
O The text of observational and experimental articles is usually—but 


not necessarily—divided into sections with the headings Introduc- 
tion, Methods, Results, and Discussion. 


O Case reports, reviews, and editorials do not require the above 
sections. 


D Introduction: Clearly state the purpose of the article. Summarize the 
rationale for the study or observation. Give only strictly pertinent 
reterences, and do not review the subject extensively. 


O Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer's name and 
address in parentheses), and procedures in sufficient detail to allow 
other workers to reproduce the results. Give references to estab- 
lished methods, including statistical methods; provide references 
and brief descriptions for methods that have been published but are 


not well known; describe new or substantially modified methods, 
give reasons for using them, and evaluate their limitations. 


O Identify precisely all drugs and chemicals used, including generic 
name(s), dosage(s), and route(s) of administration. 


O Results: Present the results in logical sequence in the text, tables, and 
illustrations. Do not repeat in the text all the data in the tables and/or 
illustrations; emphasize or summarize only important observations. 


O Discussion: Emphasize the new and important aspects of the stady 
and conclusions that follow from them. Do not repeat in detail data 
given in the Results section. Include in the Discussion the imphca- 
tions of the findings and their limitations and relate the observations 
to other relevant studies. Link the conclusions with goals of the 
study but avoid unqualified statements and conclusions not c#m- 
pletely supported by the data. 


O Units of measurement: Measurements of distance/length and weight 
must be expressed in metric units only. Clinical laboratory and 
hematologic data must be expressed in SI units with, if desired, 
present conventional metric units in parentheses. 


References 

All references must be available to all readers. Cite only references to 
books and articles or abstracts published in peer reviewed Index 
Medicus journals. Abstracts appearing only in programs of meeting are 
not acceptable, nor are abstracts more than five years old. 


O Number references consecutively in the order in which they are first 
mentioned in the text, except in review articles when references may 
be arranged alphabetically. 


O Identify references in text, tables. and legends by arabic numbers (in 
parentheses, on line) 


O Use the style of the examples below, which are based on the format 
used by the US National Library of Medicine in Index Medicus. 


O The titles of journals must be abbreviated according to the style used 
in Index Medicus, 


O References must be verified by the author(s) against the origanal 
documents. 


O Examples of correct forms of references are given below: 


Journals: 

1. Standard Journal Articles (List all the authors when six or less; when 
seven or more, list only the first three and add et al.) You CH, -ee 
KY, Menguy R. Electrogastrographic study of patients with urex- 
plained nausea, bloating and vomiting. Gastroenterology 
1980;79:311-4 

2. Personal author(s) books and monographs 
Eisen HN. Immunology: an introduction to molecular and cellular 
principles of the immune response. 5th ed. New York: Harper and 
Row, 1974:406. 

3. Chapter in a book 
Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA, Jr, Sodeman WA, eds. Patho- 
logic physiology: mechanisms of disease. Philadelphia: WB Saan- 
ders, 1974:457-72. 


Tables 


C Type each table double spaced on a separate sheet. Do not submit 
tables as photographs. 


O Number tables consecutively and supply a brief title for each. Give 
each column a short or abbreviated heading. 


O Place explanatory matter in footnotes, not in the heading. Explain in 


footnotes all nonstandard abbreviations that are used in each table. 
For footnotes, use lowercase italicized letters in alphabetical order. 


O Do not use internal horizontal or vertical rules, 
O Cite each table in the text in consecutive order. 


O If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 


Illustrations 


O Submit three complete sets of figures. Figures should be in black and 
white only and professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Note: Art work of published 
articles will not be returned, 


O Instead of original drawings, roentgenograms, or other material 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm but no larger than 203 by 254 mm. 


O Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them by using paper clips. Do not bend 
figures. 

O Photomicrographs must have internal scale markers. Symbols, ar- 
rows, or letters used in the photomicrographs should contrast with 
the background. 


O Cite each figure in the text in consecutive order. If a figure has been 
published, acknowledge the original source and submit written 
permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, except 
for documents in the public domain. 


Legends for Illustrations 
O Type legends for illustrations double spaced starting on a separate 
page, with arabic numerals corresponding to the illustrations. 


O When symbols, arrows, numbers, or letters are used to identify parts 
of the illustrations, identify and explain each one clearly in the 
legend. 


Abbreviations 


C The full term for which an abbreviation stands should precede its 
first use in the text unless it is a standard unit of measurement. 
Avoid abbreviations in the title. 


O Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include all in a box of definitions at the start 
of the article. 


O Consult the following sources for abbreviations: 

1. CBE Style Manual Committee. Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the 
biological sciences. 4th ed. Arlington, Virginia: Council of Biology 
Editors, 1978; and 

2. O'Connor M, Woodford FP. Writing scientific papers in English: 
an ELSE-Ciba Foundation guide for authors. Amsterdam: Else- 
vier-Excerpta Medica, 1975. 


Exclusive Publication Statement 


O The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manuscript 
has been published previously nor is any of this material currently 
under consideration for publication elsewhere. 


O Authors will be asked to transfer copyright of articles accepted for 
publication to the International Anesthesia Research Society. 
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with TRACRIUM.? Age-related 
differences in organ function do not 
alter the dose response curves of 
TRACRIUM, unlike pancuronium? 
and vecuronium.* The lack of 
cumulative effects of TRACRIUM by 
infusion makes possible a smooth, 
steady level of surgical relaxation 
without the need for multiple 
maintenance bolus doses 
throughout a long procedure. 


_ TRAGRIUM weecrion 


(atracurium besylate) 





Issues in 
surgical muscular 
relaxation 


Superior Predictability Means 
Superior Total Patient Care 

The superior control afforded by 
non-accumulation produces greater 
predictability. TRACRIUM increases 
your control by increasing your 
dosing options. TRACRIUM, the 
only non-depolarizing neuro- 
muscular blocker, gives you a choice 
of dosing methods: bolus injection 
or continuous infusion. Predictable, 
superior control gives you more time 
for routine, specialized and exten- 
sive patient monitoring, which can 
add to patient care. This could allow 
you — and your patients — to spend 
less time in the operating room. 


Unlike other neuromuscular 
blockers, TRACRIUM requires no 
dose adjustments to compensate for 
drug accumulation. Valuable time is 
not spent on dosage adjustments. 
Repeated equipotent doses of 
TRACRIUM, administered at equal 
intervals, have no cumulative effect 
and will not affect the time required 
for spontaneous recovery. This 
results in a smooth transition from 
operating room to recovery room. 


YOU'RE IN CONTROL 





See brief summary of prescribing information on next page 
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TRACRIUM® INJECTION 
See (atracurium besylate) 


nnary 
This drug should be used only ty adequately trained incividuals familiar with Its actions, character- 
istics, and hazards. 


CONTRAINDICATIONS: Tracrlum is contraindicated In pactents known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AJAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOL NESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrlum has no known effect on consciousness, paln threshold, or carebration. It should be used 
onty with adequate anesthesia. 

Tracrlum Injection, which has an acid pH, should nat be mixed with alkaline solutions {8.9., 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous Infu- 
ston through the same needle. Depending on the resultant pH of such mbcures, Tracrtum may be 
Inactivated and a free acid may be precipitated. 


PRECAUTIONS: 
General: Athough Tracrium is a less potent histamine releaser than d-tubocurarine or metocurina, 
the possibility of substantia! histamine release In sensitive individuals must be considered. Special 
caution should be exercised in administering Trecrium to patients in whom substantial histamine 
refease would be especially hazerdous (e.g., patients with clinically significant cardiovascular dis- 
ease) and in patients with any history (e.9., severe anapbylactold reactions or asthma) suggesting a 
risk of histamine release. In these patients, the recommended Initial Tracrium dose Is lower 
3004 mg/kg) than for other patients and should be administered slowly or In divided doses 
over one minute. 


Since Tracrlum has no clinically significant effects on heart rate In the recommended 8 range, 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation. As a 
resuft, bradycardia during anestbesla may be more common with Tracrium than with other musce 
rehoaurts. 


Tracrium may have profound effacts in with myasthenia gravis, Eaton-Lambert syndrome, 
or other neuromuscular diseases in potentiation of nondepolarizing agents has been noted. 
The use of a pefipheral nerve stimulator ls especially Important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis. 


The safety of Tracrium hes not baan established in patients with bronchial asthma. 


Drog ksteraottons: Drugs which may enhance neuromuscular blocking action of Tracrium include: 
enflurane; Isoflurane; halothane; certain antibiotics, espectally the aminoglycosides and pofymyxins; 
Fthlum; magneshum salts; procainamide; and quinidine. 


Hf other muscle retaxarts are used during the same prccedure, the possibility of a synergistic or 
antagonist effect should be cons dered. 


The prior administration of succ nytchollne does not enhance the duration, but quickens the onset 
and may increase the depth of neiromuscutar blockade Ir ducad by Tracrtum. Tracrium should not be 
administered until a patient has recovered from succinyicholins-Induced neuromuscular blockade. 


Carcinogenesis, Mutagenesis, impairment of Fertility: A positive response was observed in the 
mouse lymphoma assay under conditions which kiled aver 80% of the treated cells. A far weaker 
response was observed In the presence of metabolic activation at concentrations which also killed 
over 80% of the treated calls. 


Pregeaucy. Mratopeaic Effects: Pregnancy Catagory C. Tracrium has been shown to be potentially 
teratogenic in rabbits, when given In doses up to approxtnately one-half the human dose. Thare are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only If the potarttal benefit justifies the potential risk to the fetus. 


Labor aad Delivery: {t is not kncwn whether muscle retzxants administered during vaginal deltvery 
have immediate or delayed adverse sflects on the fetus or increase the Ilkalihood that resuscitation of 
the newborn will be necessary The possibility that forceps delivery will be necessary may increase. 
Tacrium (0.3 mg/kg) has bean administered to 26 pregnant women during delivery by casarean 
section, No harmful effects were attributable to Tracrlum in any of the Infants, although 
smal amounts of Tracrlum were shown to cross the placental barrter. The possiblity of respiratory 
depression in the newbom Infant should always be considered following cesarean section during 
which a neuromuscular blocking agent has been administered. In patients recalving magnesium 
sulfate, ‘he rearea of neuromuscular blockade may be unsatisfactory and Tracrium dose should be 
lowered as P 


Narsing Mothers: It Is not known whether the drug is excreted in human mik. Caution shoukd be 
exerctsed when Tracrium is admicdstered to a nursing woman. 


Pediatric Use: Safety and effectiveness In children betow the age of 1 month have not bean 
established. 


ADVERSE REACTIONS: 

Observed In Cantrelied Clinical Studies: Tracrium produced few adverss reactions during extensive 
clinical trials. Most were suggestive of histamine release (sae Precautions Section). The overall 
incidence rate for clinically important adverse reactions was 7/875 or 0.8%. 


Most adversa reactions were of ile clinical significance Lnless they ware associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed In 530 

, without cardiovascular disease, were as follows in thosa patients given the recommended 
Pie ere Tange of Q:31 to 0-90 mag of-Tracrtum; mean arteria ressure Increased In 2.8% and 
decreased in 2.1% of pattants write the heart rate increased in 2.8% of these patients. At doses of 
> 0.60 mg/kg, 14.3% of the studied patients had a decrsase In mean arterta! pressure while 4.8% 
had an increase In heart rate. At cosas < 0.30 mg/kg, mean artertal pressure increased in 1.9% and 
decreased in 1.1% of patients, white heart rate Increasec In 1.6% and decreased In 0.8% of these 
patients. 


Observed In Clinical Practice: Based on clinical experience In the U.S. and the United Kingdom of 
approximately 3 mikon patients given Tracrium tha following adverse reactions are among the most 
frequently reported: onera: ee re rete In raro Instances, 
were sevem (e.g., cardiac arrest); ; inadequate, prolonged block, Cardiovescutar- 
hypotension, vasodilatation (flushing), tachycardia, bradycardia; Aespératory: dyspnea, broncho- 
spasm, laryngospasm; integumentary: rash, urticarta, infection site reaction. 


‘Payne J: Atracurium, In Katz R (3d): Muscle Retncants: Basic and Clinical Aspects. Orlando, Grune 
§ Stratton, 1984, p 98. 
d'Hollander A, Luyckx C. Bravis L: Clinical evaluation of atracurium besylate requirement for a 
muscle relaxation during surgery: Lack of age-retaied effects. Anesthesia 1983:59-237-240. 
Duvakdestin P, Saada J, Berger J-, et al: Pharmacokinetics, pharmacodynamics and dose response 
relationships of pancuronmum in contro! and elderty subjects. Anestheséa 1982:56:36-40. 
‘(Hotander A, Massaux F, Mawe steen M: Age dependent dose-response: rlationship.of Org NG45 
in anesthetized patients. Br J Ancesth 1982;547 657 
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Infectious 
Diseases 
Newsletter 


Editor: 

Paul Hoeprich, MD 
Associate Editors: 

Ruth M. Lawrence, MD 

Larry K. Pickering, MD 

Charles W. Stratton, MD 
Infectious Diseases Newsletter will keep you in- 
formed of the latest news in infectious diseases. This 
reliable monthly source provides quick, accurate 
information on newly characterized diseases, syn- 
dromes and treatment protocols, plus the latest in 
identification and diagnostic techniques. In each 
issue you will find a wealth of practical information 
on infectious diseases — from their clinical mani- x 
festations to their diagnosis and therapy. Contribu- 
tions from practitioners like yourself provide useful 
ideas and insights that you can apply directly to 
your work. 
Shouldn't you be reading Infectious Diseases 
Newsletter? Put this knowledge to work in your 
practice — use the coupon below to start your sub- 
scription to the Infectious Diseases Newsletter 
right away! 
1988 Subscription Information 
Infectious Diseases Newsletter 
ISSN 0278-2316 
12 issues yearly 
Personal Rate: $70.00* 











[O Please begin my subscription to Infectious Diseases Newsletter, 
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Postage and Handling: Add 833.00 for all orders outside the U.S.. 

Canada, and Mexico. 
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Note: *Personal rate must be paid by personal check or charge card. 
We will begin your subscription with the first month after processing 
of your order unless you indicate otherwise. Subscription rates are 
valid through December 31, 1988. Please allow 6-8 weeks for delivery 
of your first issue. 

Return to: 
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Attn: Allison Essen 5 
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Grand Central Station V3AU 
New York. NY 10163-1663 9/87 
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ional catheter. 


Arrow announces Hands-Off", the only thermodilution 
catheter with reliable full-length Cath-Gard” protection. 


Only Arrow could add the pro- 
tection of a patented Cath-Gard* 
contamination shield and integral 
flushing/balloon test chamber to 
the full length of a state-of-the art 
thermodilution catheter. So, for the 
first time, a physician can prepare, 
test, and insert a PA catheter with- 
out exposing it to external 
contamination. 

In the ““Hands-Off,” a pre- 
assembled Cath-Gard shield and 
detachable test chamber fully 
enclose the indwelling PA catheter. 


1987, Arrow International, Ine 


After flushing and testing balloon 
integrity, just attach it to the stan- 
dard Arrow hemostasis valve on the 
previously placed sheath introducer. 
Since the catheter is not 

exposed, contamination risk is 
greatly reduced. And the added 
protection of the Cath-Gard shield 


allows you to place the catheter with- 


out the use of an assistant. 

Ask your Arrow Representative 
for “‘Hands-Off” details, or contact 
us. Arrow International, Inc., Hill 
and George Avenues, Reading, PA 


19610. Call toll-free 800 523-8446 
(in Pa., 800 828-8327). In Canada: 
Arrow Medical Products, Ltd., 150 
Britannia Road East, Unit 20, Mis- 
sissauga, Ontario LAZ 1S6. Phone 
800 387-7819 (in Toronto, 


416 890-0173). 


“Hands-Off™” thermodilution catheter patent pending. 
*Cath-Gard patent U.S, 4327723, Canada 4515592. 


INTERNATIONAL, INC. 
‘Targeting your clinical needs 
and cost realities. 


The Anesthesiology Boards Review Course 
‘ April 12 - 20, 1988 — San Francisco 
* A 
Any Six Days October 18 - 26, 1988 — Tampa ? 


Now, your only BOARD REVIEW just before Oral Exams 
is also an excellent update in practice and preview forWritten Exams 


OBJECTIVES METHODS 

è Improve basic and clinical knowledge in anesthesiology e HOME STUDY MATERIALS with a syllabus of questions 
è Assist residents and fellows in organizing study and answers — and assignments 

e Prepare board candidates to take board examinations e SEMINAR with projection slides and syllabus 


e Provide practicing anesthesiologists with a review and update = ¢ PRACTICE EXAMS with oral and written parts 
“April 12-17 and Oct. 18-23 (live). April 18-20 and Oct. 24-26 (video replays). Any six consecutive days will complete the course. 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, | "Accomodations were comfortable...."* 
} Æ p itio >, 7 W) 2 ro ive. ‘4 ” ; well. as Š j 
10t only from world-famous authorities but from people who are relatively unknown as well. GOALS AND LOCATION: The course will 














be held in the San Francisco Bay Area and 
PHYSIOLOGY ‘ FUNDAMENTAL PRACTICE the Tampa Bay Area as regional reviews for 
Respiratory Physiology Preop Evaluation & Preparation both written and oral exam. Home-study 
Cardiovascular Physiology Positioning and Monitoring sapiens ay sent Topera. jor 
i > est value is to repeal e seminar [or 3- 
Neurophysiology , Airway Management or $90 the week before and in the same city 
Hepatic and Renal Physiology Fluid, Electrolytes, & Blood as the oral exam. Topics and faculty are 
Acid-Base and Blood Gas Cardiopulmonary Disease upgraded for cach program. It is also an 
Badocrine Phvsol H al & Metaboloic Disez update for practicing anesthesiologists. 
ndocrine F hysiotogy epatoren etaboloic Disease | Meetings will be in the best combinations of 
Thermoregulation Recovery Room luxury hotels mcs cog ame Our = 
programs at tons, Hyatts, arriott, 
PHARMACOLOGY REGIONAL ANESTHESIA Adam’s Mark, and Meridian have been at or 
Pharmacokinetics Neuroanatomy below $70 single and $84 double. 
Inhalation Anesthetics Local Anesthetics "and those little extras...."* 
Intravenous Anesthetics Autonomic Blocks LOWEST AIR FARES AND HOTEL: We 
Muscle Relaxants Spinal and Epidermal Blocks cy ee te ae mee 
Autonomic Drugs Caudal and Peripheral Blocks instructions before buying travel tickets. 
Cardiac, Diuretic & CNS Drugs Intravenous Nerve Blocks "the most education for the money."* 
Drug Interaction and Genetics Complications & Legal Medicine FEES AND C.M.E. CREDITS: 
PHYSICAL SCIENCES SPECIALTY AREAS i see 2 ee 
d : : à ; è Residents and Fellows: $420 
Topical & Radiographic Anatomy Obstetric Anesthesia e Practicing Anesthesiologists: $630 
Cardiopulmonary Anesthetics Pediatric Anesthesia sae eane m time wena = s: ois 
; : ; : s, e Repeating other times within 3 years: 
Biochemistry and Mathematics Neuroanesthesia l e Add 10% to payment after Mar. 15, 1988. 
Mechanics, Flow, & Gas Laws Opthamlic & E.N.T. Anesthesia e Attendees not in course hotel add $8/day. 
Anesthesia Machines Geriatric and Outpatients ¢$50.00 will reserve your position, 
Monit d Ventilat Critical Ca e Most home study materials will be mailed 
onitors and Ventilators ritica! re after half the registration fee is received. 
Defibrillators and Pacemakers Chronic Pain e Additional = willbe received after 
ss Sanam eWay EA L A Sea kos ETC SaEE SSS SSCS A ah ono ceemccekcene completion of home study assignment. 
: Limited Enrollment; ANESTHESIOLOGY BOARDS REVIEW REGISTRATION } "home study material was extremely helpful." 
: : CANCELLATIONS: Refunds subject to $50 
: Name : — fee, will be made until the seminar begins. 
: Address : eCancellations after mailing most home 
Bo ge i : study material will require retention of 
. ~ . y 
: City/State/Zip : half of the fee. 
: Phone : “remarkably complete and pleasant.™. è 
; . 3 For: [ April 12-20, 1988 : INFORMATION: 
: Mail today to: fey Joseph H. Selliken, Jr, M.D. 
: 1004 Dawn Lane, Dept. AA1 L October 18-26, 1988 THE OSLER INSTITUTE 
. , . — . C E s 9 S 
. P.O. Bax 2218 C ] Check enclosed for $ , 1094 Dawn Lane, Terre Haute, IN 47802 


(812) 299-5658 
g B 2 D o > D4 p ` . 
ENE. [J Please send more information} « Comments by past Osler participants . 





See for yourself. 


The only surgical muscle relaxant 
free of clinically significant 
cardiovascular and histamine- 
related side effects... 

ideal for your patients, including 
those at risk.” 





see the safety for yourself. 


Free of clinically significant cardiovascular effects.* 


NORCURON? is the only surgical muscle relaxant for which no clinically significant cardiovascular effects 
were observed in clinical trials." In fact, even at 12 times effective doses, under halothane anesthesia, ' 
NORCURON® produced no tachycardia, hypotension, or abnormalities of cardiodynamic function. 





Cardiovascular Response to Norcuron® (vecuronium bromide) a á 
at 12 Times the ED,,* CO-cardiac output 
k z HR-heart rate 
-g PMAP-puimonary mean arterial 
pressure 
PCWP- pulmonary capillary 
wedge pressure 
SMAP-systemic mean arterial 
pressure 
SVR-systemic vascular 
resistance 


% of Control 


*Adapted from Morris et al.’ Minutes After Administration 





Histamine release or histamine-related side effects 
unlikely to occur...even at 3.5 times the ED,,.° 


NORCURONE has not been shown to significantly affect circulating histamine, mean arterial blood 
pressure, and heart rate even in doses a the upper extreme of the recommended clinical range 


The Effect of Nondepolarizing Muscle Relaxants* Percent of Control 


Drug Dose xED,, Histamine Mean Arterial Heart Rate 
(mg/kg) Pressure 


Tubocurarine 
Metocurine 
Atracurium 


* Adapted from Basta et al.5 
10.1 mg/kg higher than recommended dose 








Performance unaffected by renal function.’ , 


Despite administration of high doses of NORCURON®, no significant differences in onset 
time, duration of action, or recovery index have been noted between patients with and 


without renal function.® 


Comparative Indices of Neuromuscular Blockade for Patients With and Without Renal Function 
Given Equal Doses (0.14 mg/kg)* of NORCURON® (vecuronium bromide) by Bolus Injectiont 


Onset (min) 


Duration of time (min) oo 
to 90% recovery 
Ti oe 
a 


E Normal Renal Function © No Renal Function 
* Although high doses of NORCURON® were used to assess its pharmacokinetics, it is recommended that the initial dose not exceed 0.08 to 0.1 mg/kg. 
' Adapted trom Miller et al." 


Recovery index (min) 





The surgical muscle relaxant 
ideal for virtually all patients 
including those at risk. 


Norcuron: 


vecuronium bromide) injection 


See full prescribing information on following page 





References: 1. Morris RB, et al: The cardiovascular effects of vecuronium vecuronium in cardiac surgical patients. Anesthesiology 1984; 61:A63. 5. Basta 

(ORG NC 45) and pancuronium in patients undergoing coronary artery bypass Sj et al Vecuronium does not alter serum histamine within the clinical dose 

grafting. Anesthesiology 1983; 58:438-440. 2. Durant NN: Norcuron*—a new range. Anesthesiology 1983; §9:A273. 6. Miller RD, et al: Pharmacokinetics of 

nondepolarizing neuromuscular blocking agent. Semin Anesth 1982; 1:47-56. vecuronium in patients with kidney disease, in Agoston S, et al (eds): Clinical 

3. Krieg N, Crul JF Booij LH: Relative potency of ORG NC 45, pancuronium, Experiences with Norcuron (ORG NC 45, Vecuronium Bromide) Amsterdam, 
nd tubocurarine in anesthetized man. Br / Anaesth 1980. Excerpta Medica, 1983, p 124 

Hemodynamic effects of bolus injection of 




















e P a, za = 
Norcuron (vecuronium bromide) injection 
THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAE WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS 


DESCRIPTION: NORCURON® (vecuronium bromide) in is a nondepolarizing neuromuscular blecking agent of 
intermediate duration, designated as pone nera 1-{(2B 3a, pk 17B)-3, A EEN 
piperidinyijandrostan-16-yl}-1-methyl-, bromide. 


id 

_ Norcuton® Ís supplied as a sterile nonpyrogenic freeze-dried buttered cake of very line microscopic cyslalline par- 
ticles tor intravenous injection only. Following reconstitution with solvent (water for injection) the resultant solution is iso- 
tonic and has a pH of 4 Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citre: acid, dibasic 
sodium sodium ong an sac abd be nas Hane rami Sumi 
C : Norcuron® (vecuronium bromide) injection is a nondepolarizing neuromuscular 
blocking agent possessing all of the characteristic pharmacological actions of this class of drugs (curariturm) tacts by 
competing for cholinergic receptors at the motor end-plale. The antagonism to acetylcholine is nhibited and 
neuromuscular block is reversed by acelyicholinesterase inhibitors such as neostigmine, edtoghonium, and 
pyridostigmine. Norcuron® is about ¥s more potent than pancuronium; the duration of neuromuscular blockade 
produced by Norcuron” is shorter than that of pancuronium al yee ng recy The time to onset of paralysis 
decreases and the duration of maximum effect increases with increasing Norcuron® doses. The use at a peripheral 

nerve stimulator is of benefit iphone Sapte ste aby sae relaation 
The (dose required to produce 90% suppression ol the muscle twitch response with balanced amesthesia) has 
averaged (057 mg/kg (0.049 to 0.062 mg/kg in various studies) An initial Norcuron® dose at 0.08% 0.10 mg/kg 
rally produces first depression of twitch in approximately 1 minute, of excellent intubation comditions within 
5 to 3.0 minutes. and maximum neuromuscular blockade within 3 to 5 minutes ot injection in most catients. Under 
balanced anesthesia, the lime fo recovery to 25% of control (clinical duration) is approximately 25 to 40 minutes after 
injection and recovery is usually 95% complete approximately 45-65 minutes after injection of intubating dose. The 
neuromuscular blocking action of Norcuron® is slightly enhanced in the presence of potent inhalation anesthetics. It 
Norcuron® is first administered more than 5 minutes aller the start of the inhalation of entlurane. isoflurane, or 


halothane, of when has been achieved, the intubating dose of Norcuron® may be decreased by 
approximately 15% (see E AND ADMINISTRATION section) Prior administration of succineicholine may 
enhance the neuromuscular blocking effect of Norcuron® and its duration of action. With succinylaholine as the 


intubating agent, initial doses ot 0.04-0.06 mg/kg of Norcuron® will produce complete neuromusce ar block with 

clinical duration at action of 25-30 minutes. If succinylcholine is used prior to Norcuron®. the administration ot 

Norcuron® should be delayed until the patient starts recovering from succinylcholine-induced seuromuscular 

blockade The effect o! prior use of other ing neuromuscular blocking agents on the activitwo! Norcuron® 

has not been studied (see Drug interactions) 

Repeated administration of maintenance doses of Norcuron® has little or no cumulative effect on fe duration ot 
neuromuscular blockade Therefore, doses can be administered at relatively regular intervals wih predictable 
tesults After an initial dose of 0,08 to 0.10 mg/kg under balanced anesthesia, the first maintenance dese (suggested 
maintenance dose is 0.010 to 0.015 mg/kg) is generally required within 25 10 40 minutes, subsequer’ maintenance 
doses, |! required, may be administered al approximately 12 to 15 minute intervals. Halothane anesthesia increases the 
clinical duration ot the maintenance dose only slightly Under entiurane a maintenance dose of 0 510 mg/kg is 
approximately equal to 0.015 mg/kg dose under balanced anesthesia 

The recovery index (time trom 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane 

anesthesia. When recovery from Norcuron® neuromuscular blocking effect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous tecovery has started, the neuromuscular Diock produced by 
Norcuron® is readily reversed wilh various anticholinesterase agents, e.g. pyridostigmine, nemstigmine, or 
édrophonium in conjunction with an anticholinergic agent such as atropine of glycopytrolate. Thereshave been no 
reports of recurarization following satistactory reversal of Norcuron® induced neuromuscular blockade: rapid recovery 
is a finding consistent with its short elimination halt-lite. 
Pharmacokinetics: Al clinical doses of 0.04-0 10 nng 60-80% of Norcuron® is 
usually bound to plasma protein. The distribution half-life following a single intravenous 
dose (range 0.025-0 280 mg/kg) is ximately 4 minutes Elimination half-life over this 
same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal 
failure patents undergoing transplant surgery In late pregnancy, elimination halt-lite may 
be shortened to approximately 35-40 minutes. The volume ot distribution at steady state is 
approximately 300-400 ml/kg: systemic rate of clearance is approximately 3-45 
ao in man, utine recovery of Norcuron® varies trom 3-35% within 24 hours 
Data derived from patients requiring insertion of a T-tube in the common bile duct suggests 
that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 
hours. Only unchanged Norcuron® (vecuronium bromide) injection has been detected in 
human plasma = clinical use. One metabolite, 3-deacety! vecuronium, has been 
recovered in the urine of some patients in quantities thal account for up to 10% of injected 
dose; 3-eacety! vecuronium has also been recovered by T-tube in some patients account- 
ing tor up to 25% of the injected dose 

This metabolite has been judged by animal screening (dogs and cats) to have 50% or 
more of the potency of Norcuron®, equipotent doses are of approximately the same duration 
as Norcuron® in dogs and cals. Biliary excretion accounts for about halt the dose ot 
Norcuton® within 7 hours in the anesthetized rat Circulatory of the liver (cat preparation) pro angs recovery 
from Norcuron®, Limited data derived from patients with cirri or cholestasis suggests that some measurements of 
recovery may be doubled in such patients in patients with renal failure, measurements of recover. do not differ 
signiticantly {rom similar measurements in healthy patients 

Studies involving routine hemodynamic monitoring in good risk surgical patients reveal that the administration of 
Norcuron® in doses up 10 three times thal needed to produce clinical relaxation (0,15 mg/kg) did not precuce clinically 
significant changes in systolic, diastolic or mean arterial pressure The heart rate, under similar goon 2 temained 
unchanged in some studies and was lowered by a mean of up to 8% in other studies. A large dosel 0.28 mg/kg 
administered during a period of no stimulation, while patients were being prepared for coronary ven twpass grafting, 
was nol associated with allerations in rate-pressure-product or pulmonary capillary wedge pressure Syscemic vascular 
resistance was lowered slightly and cardiac output was increased insignificantly drug has not teen studied in 
patients with hemodynamic dystunction secondary to cardiac valvular disease) Limited clinical experience (3 patients) 
with use of Norcuron® during surgery for pheochromocytoma has shown that administration of tts drug is not 
associated with changes in blood pressure or heart rate 

Unlike other nondepolarizing skeletal muscle relaxants, Norcuron® has no clinically significant eects on 
hemodynamic parameters and will not counteract those hemodynamic changes or known side effects produced by or 
associated with anesthetic agents 

Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients 
indicate that hypersensitivity reactions such as bronchospasm. tlushing, redness. hypotension, tachyce*dia, and other 
reactions commonly associated with histamine release are unlikely 10 Occur 
INDICATIONS USAGE: Norcuron® is indicated as an adjunct to general anesthesia, 10 tacilitale endotracheal 
intubation and to provide skeletal muscle retaxation during surgery or mechanical ventilation 
CONTRAINDICATIONS: None known 
WARNINGS: NORCURON* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY C3 UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE SHOULD NOT BE ADMINISTERED UNLESS 
FACILITIES FOR INTUBATION. ARTIFICIAL RESPIRATION. OXYGEN THERAPY AND REVERSAL AGENTS ARE IM- 
MEDIATELY AVAILABLE THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATIIN In patients 
who are known to have myasthenia gravis or the myasthenic (Eaton-Lamber!) syndrome, small doses at Morcuron* may 
have profound effects. In such patients. a peripheral nerve stimulator and use of a small test dose may be of value in 
Pte Li to administration of muscle relaxants. 

PRE! I : Norcuron® is well-tolerated without clinically significant prolongation of neuio- 
muscular blocking effect in patients with renal failure who have been optimally prepared for surgery by.dialysis. Under 
emergency conditions in anephric patients some prolongation ot neuromuscular blockade may occar: therefore, it 
anephric patients cannot be ay meet non-dlective surgery, a lower initial dose of Norcuron™ should de considered 
Altered Circulation Time: tions associated with slower circulation time in cardiovascular disease, old age. 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time, trerefore dosage 
should not be increased 

Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time 
in with the role the liver plays in Norcuron® metabolism and excretion (see Pharmacokinetics) Data currently 
available do not permit di meten e opal red liver function 

UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF 
NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTANT EXCESS DOSING 
Severe or Neuromuscular : Patients with severe Or neuromuscular disease may pose 
airway — ee requiring special care betore. during and alter the use of neuromuscular blocking 
| as Norcur 

jalignant Hyperthermia: Many drugs used in anesthetic practice are suspected o! being capableot triggering a 
potentially tatal hypermetabolism of skeletal muscle known as malignant hyperthermia There are sufficient data 
es from stat in susceptible animals (swine) to establish whether or not Norcuron® is capatie of triggering 

* malignant hyperthermia 

Norcuron® has no known effect on consciousness, the pain theshold or cerebration Administation must be 
accompanied by adequate anesthesia 


NO 
REFRIGERATION 
REQUIRED ee 


Drug Interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect of 
Norcuron® (vecuronium bromide) injection and its duration of action. If succinylcholine is used before Norcuron™, the 
administration ot Norcuron*® should be delayed until the succinyicholine shows signs of wearing off With 
succinylchaline as the intubating agent. initial doses of 0 04-0 06 Tuo Ol Norcuron™ may be administered to produce 
complete neuromuscular block with clinical duration o* action of 25-30 minutes (see CLINICAL PHARMACOLOGY) The 
pe Klaret: betore succinyicholine, in order to attenuate some of the side effects of succinyicholine, has not been 
Other nondepolarizing neuromuscular ig eas (pancuronium, d-tubocurarine. metocurine. and gallamine) 
act in the same fashion as does Norcuron®, therefore hese drugs and Norcuton® may manifest an additive when 
used together There are insufficient data to support concomitant use of Norcuron® and other competitive muscle 
relaxants in the same patient 
inhalational Anesthetics: Use o! volatile inhalational anesthetics such as enfiurane. isoflurane, and halothane with 
Norcuron* wil: enhance neutomusculat blockade. Potentiation is most prominent with use of enflurane and isoflurane 
With the above agents the initial dase ot Norcuron® may be the same as with balanced anesthesia unless the inhalational 
anesthetic has been administered for a sufficient time at a sufficient dose to have reached clinical equilibrium (see 
CLINICAL PHARMACOLOGY) 
Antibiotics: Parenteral intraperitoneal administration o' high doses of certain antibiotics may intensity or produce neuro- 
muscular block on their own. The following antibiotics have been associated with various degrees of is. aminoglyco- 
sides (such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin), tetracyclines, bacitracin: 
polymyxin B; cotistin; and sodium colistimethale If these or other newly introduced antidiotics are used in conjunction 
with Norcuron® during surgery. unexpected prolongation of neuromuscular block should be considered a possibility 
Other: Experience concerning injection of quinidine during recovery trom use at other muscle relaxants suggests that 
fecurremt paralysis may occut This possibility must be considered for Norcuron*® Norcuron® induced 
neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat) 
Electrolyte imbalance and diseases which lead to electrolyte imbalance. such as adrenal cortical insufficiency, have been 
shown ip alter neuromuscular blockade Depending cn the nature of the imbalance, either enhancement or inhibition 
may be expected jum salts, administered tor the management of toxemia o! pregnancy, may enhance the 
neuromuscular blockade 
Drug/Laboratory Test Interactions: None known 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term sludies in animals have nol been performed 
to evaluate carcinogenic of mutagenic potential or impairment of fertility 
Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron® It is also 
not known whether Norcuron® can cause letal harm when administered to a pregnant woman or can affect reproduction 
Capacity Norcuran® should be given to a pregnant woman only if clearly needed 
Pediatric Use: Infants under 1 year ot age but older than 7 weeks, also tested under halothane anesthesia, are 
moderately more sensitive to Notcuron® on a mg/kg basis than adults and take about 172 times as long to recover 
Information ere available does not permit recommendations tor usage in neonates 
ADVERSE : Norcuron® was well-tolerated and produced no adverse reactions during extensive clinical 
triats. The most frequent adverse reaction to nondepotarizing blocking agents as a class consists of an extension ol the 
drug's pharmacological action beyond the time perioc needed tor surgery and anesthesia. This may vary from skeletal 
muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea. 
Inadequate reversal of the neuromuscular blockade, alti not yet reported, is possible with Norcuron® as with all 
curariform drugs. These adverse reactions are managed by manual ot mechanical ventilation until recovery is judged 
adequate. Litlle or no increase in intensity of blockade or duration of action of Norcuron is noted Irom the use of 
thiobarbiturates, narcotic 


ics. nitrous oxide, or droperidol See OVERDOSAGE for discussion of other drugs 
used in 


ic practice which also cause respiratory depression. 
: There has been no experience with Norcuron™ pierce De possibility of latrogenic overdosage 
can be minimized by carelully monitoring muscle twitch response to peripheral nerve stimulation 

Excessive doses of Norcuron® can be expected to produce enhanced pharmacological effects. Residual 
neuromuscuta’ blockade beyond the time period needed for surgery and anesthesia may occur with Norcuron® as with 
other neuromuscular blockers. This may be manifesied by skeletal muscle weakness. decreased respiratory reserve. 
low tida! volume. or apnea. A peripheral nerve stimulator may be used 10 assess the degree 
of residual neuromuscular blockade and help to differentiate residual neuromuscular 
blockade from other causes of decreased respiratory reserve 

Respiratory depression may be due either wholly or in part to other drugs used during the 
conduct of general anesthesia such as narcotics. ihiobarbilurates and ather central nervous 
system depressants Under such circumstances the primary treatment is maintenance ot a 
patent airway and manya: or mechanical ventilation until complete recovery of normal 
respiration iS assured Regonol* (pyridostigmine bromide injection), neostigmine, or 
edrophonium. in conjuncion with atropine or bf hy will usually antagonize the 
skeletal muscle relaxant action of Norcuron® Satisfactory reversal can be judged by 
ot skeletal muscle tone and by adequacy of respiration A peripheral nerve 

stimulator may also be used to monitor restoration of twitch height. Failure of prompt 
teversal (within 30 minutes) may occur in the presence of extreme debilitalion, car- 
cnomatosis, and with concomitant use ot certain troad spectrum antibiotics, ot anesthetic 
agents and other drugs which enhance neuromuscular blockade of cause respiratory 
depression of their own Under such circumstances the management is the same as {hal ot 
prolonged neuromuscular blockade Ventilation must be supported by arliticial means until 
the patient has resumed control of his respiration Prior to the use of reversal agents. 
teference should be made to the specific package insert of the reversal agent 
DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide) injection is for intravenous use only This 
drug should be administered by or under the supervision of experienced clinicians familiar with the use of 
neuromuscular blocking agents. Dosage must be individualized in each case. The dosage information which follows is 
derived from studies based upon units of drug per unit of body weight and is intended to serve as a guide only. 
especially regarding enhancement of neuromuscular blockade of Norcuron” by volatile anesthetics and by prior use ot 
succinylcholine (see PRECAUTIONS’ Drug Interactions). Parenteral drug products should be inspected visually tor 
particulate matter and discoloration prior to administration, whenever solution and container permit 

To obtain taximum clinical benefits of Norcuron® and to minimize the possibility of avercosage. the monitoring of 
muscle twilch response to peripheral nerve stimulation is advised 

The recommended initial dose ot Norcuron® is 0.08 to 010 mg/kg (14 to 175 times the ED) given as an 
intravenous bolus injection This dose can be expected to produce good or excellent non-emergency intubation 
conditions in 25 to 3.0 minutes after injection Under balanced anesthesia, clinically required neuromuscular blockade 
lasts approximately 25-30 minutes. with recovery to 25% ot control achieved approximately 25 to 40 minutes after 
injection and racovery to 95% at contro! achieved approximately 45-65 minutes alter injection In the presence of potent 
inhalation anesthetics, the neuromuscular blocking effect of Norcuron® is enhanced. If Norcuron® is lirst administered 
more than 5 minutes after the start of inhalation agent or when steady state has been achieved, the initial Norcuron* 
dose may be reduced by approximately 15%, ie.. 0.050 to 0.085 mg/kg . 

Prior administration of succinylcholine may enhance the neuromuscular blocking effect and duration of action ot 
Notcuron® I intubation is performed using succinylcholine, a reduction at initiat dose of Norcuran® to 0.04-0.06 
mg/kg with inhalation anesthesia and 0 05-0.06 mg/kg with balanced anesthesia may be required 

‘During prolonged surgical procedures, maintenance doses ot 0.010 to 0.015 mg/kg of Norcuron® are recommended. 
after the initial Norcuron® injection, the first maintenance dase will generally be required within 25 to 40 minutes. However, 
clinical criteria should be used to determine the need tor maintenance doses. Since Norcuron® lacks clinically 
important cumulative effects. subsequent maintenance doses, if required, may be administered at relatively regular 
intervals tor each patient, ranging approximately from 12 to 15 minutes under balanced anesthesia, slightly longer under 
inhalation agents. (If less frequent administration is desired. higher maintenance doses may be administered.) 

Should there be reason for the selection of larger dases in individual patients. initial doses ranging from 0.15 mg/kg 
up to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ill etfects to the 
cardiovascular system being noted as long as ventilation is properly maintained (see CLINICAL PHARMACOLOGY) 
in : Older children (10 to 17 years of age) have approximately the same dosage requirements 
(mg/kg) as acults and may be managed the same way. Younger children (1 10 10 years at age) may require a sli 
higher initial case and may also require supplementation slightly more otten than adults. Infants under one year o! age 
but older than 7 weeks are moderately more sensitive lo Norcuron® on a mg/kg basis than adults and take about 1¥2 
times as long to recover See also subsection of PRECAUTIONS titled Pediatric Use information presently available 
oes nol permil recommendation on usage in neonates (see PRECAUTIONS) 

: Norcuron® is compatible in solucion with 
0.9% NaC! solution 5% pen saline 
5% se in water Ringers 
SUPPLIED: 5 mi vials (contains 10 mg of active en and 5 mi ampul of preservative-tree sterile waler for 
injection as the diluent. Boxes of 10 (NOC #0052. 0442-1 } 

5 mi vials (contains 10 mg ol active ingredient) only DILUENT (Sterile Water for Injection. USP) NOT SUPPLIED. 
Boxes o! 10 DOTEE ST 
STORAGE: ECT FROM LIGHT Store at 15°-30°C (59°-86°F) 
AFTER RECONSTITUTION: Solution en Regen in reingerator or kept at room temperature not to exceed 30°C 
(86°F) DISCARD SOLUTION AFTER 24 DISCARD UNUSED PORTION 


SINGLE USE VIALS 
Manufactured for ORGANON INC by BEN VENUE LABORATORIES. INC. Bedtord, OH 44146 ISSUED 5/86 
ey ORGANON INC 
WEST ORANGE, NEW JERSEY 07052 
(© 1986 ORGANON INC ORG-8025 





Specialty Review in Anesthesiology 
May 15 — 20, 1988 
Chicago 










Our practice 
is limited to 
CME 


Call toll-free anytime for complete information 
1-800-621-4651 


Specialty Review in Anesthesiology, May 15 — 20, 1988. 
This is the comprehensive review your colleagues have 
recommended. It's a thorough overview of Anesthesiology for 
the board candidate and experienced practitioner alike. 





Course Coordinator: Alon P. Winnie, M.D., Professor and 
Chairman, Department of Anesthesiology, University of Illinois 
College of Medicine at Chicago, 

In Illinois call 


THES” 
SCHODL Mome «artist aa 


Your CME Specialist Chicago, Illinois 60612 





CALIFORNIA: UCLA Department of Anes- 
thesiology and Olive View Medical Center are 
seeking a faculty person to serve as Chief of 
the Anesthesiology Service at Los Angeles 
County-Olive View Medical Center, one of the 
primary UCLA affiliated teaching hospitals. 
Olive View is a new 350-bed state-of-the-art 
hospital, which has completely replaced an 
older facility. This opening represents an 
exceptional opportunity to develop a univer- 
sity affiliated service in an entirely new 
hospital. Salary is commensurate with the 
position and academic qualifications. Candi- 
dates must be eligible for a California state 
license and provide proof of employment 
eligibility. Equal opportunity employer. Ad- 
dress correspondence with references and 
curriculum vitae to: STUART F. SULLIVAN, 
M.D., CHAIRMAN, SEARCH COMMITTEE 
FOR CHIEF OF ANESTHESIOLOGY SER- 
VICE AT OLIVE VIEW MEDICAL CENTER, 
DEPARTMENT OF ANESTHESIOLOGY-BH- 
533-CHS, UCLA SCHOOL OF MEDICINE, 
LOS ANGELES, CA 90024-1778. 


Also openings for Physician Specialist, Anes- 
thesiology available. Respond to: BRUCE 
PICKEN, M.D., MEDICAL DIRECTOR, 
OLIVE VIEW MEDICAL CENTER, 14445 
OLIVE VIEW DRIVE, SYLMAR, CA 91342 
(818) 364-4380. 





$ HARVARD CONTINUING EDUCATION 


Massachusetts General Hospital 


PRACTICAL ASPECTS OF PEDIATRIC ANESTHESIA 
April 22-24, 1988 


X This course features a new expanded format (two half-days and one full day). Nationally and internationally 
recognized experts will discuss all subjects of current interest to individuals who anesthetize children. 


VISITING FACULTY 


Dr. Robert E. Creighton, Hospital for Sick Children, Toronto 

Dr. Dennis M. Fisher, University of California at San Francisco 

Dr. Raafat S. Hannallah, Children's Hospital National Medical Center, Washington, D.C. 
Dr. G. Jackson-Rees, Royal Liverpool Children’s Hospital, England 

Dr. Jerrold Lerman, Hospital for Sick Children, Toronto 


Dr. Mark C. Rogers, The Johns Hopkins Hospital, Baltimore 


HARVARD MEDICAL SCHOOL FACULTY 


. David C. Kushner Dr. John F. Ryan 

. Letty M. P. Liu Dr. Stanislaw K. Szyfelbein 
. J. A. Jeevendra Martyn Dr. I. David Todres 

. Mark A. Rockoff Dr. Francis X. Vacanti 


For further information please contact Harvard Medical School, Department of Continuing Education, Boston, MA 
02115 (617-732-1525, M-F, 10 a.m.—4 p.m. Eastern Time). 


Dr. James K. Alifimoff 

Dr. Charles J. Coté 

Dr. Ronald G. Gore 

Dr. Nishan G. Goudsouzian 


Course Directors: Drs. Charles J. Coté, Letty M. P. Liu, Nishan G. Goudsouzian, and John F. Ryan, Department of 
Anesthesia, Massachusetts General Hospital, Boston, Massachusetts 02114. 
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INSYTE. 
The best point to start with. 


You're the toughest critic we know. On the one hand, you demand 
your I.V. catheter keep pace with medical technology. On the other hand, 
you may be compromising your work with a catheter that's not up to 
your standards. 

At Deseret Medical, our aim is to offer products that make the most 
of your exacting talents. That's why we developed INSYTE? the most 
technically sophisticated I.V. catheter on the market today. 


Insertions just got easier. When compared to yesterday's thinwall 
catheters, we have honed the science of penetration to a new edge with 
the Becton Dickinson PrecisionGlide™ needle technology. 

And there is more to insertion than the needle itself... with Vialon® 
an innovative, patented polyurethane catheter material, our fine tips 
insert with a fraction of the force required by traditional L.V. catheters. 


Instantaneous flashback. A combination of a thinwall catheter and 
a large needle bore gives INSYTE an immediate flashback. The crystal- 
clear flash chamber allows easier visualization and identification of 
proper catheter placement than with competitive catheters. 


"Feel" the difference immediately. This is an intangible factor in 
choosing an I.V. catheter. The unique design of INSYTE was created with 
your technique in mind, as improved push-off capabilities allow one 
finger to advance the catheter effortlessly. 


Flow rates meet procedural demands. With the thinwall catheter 
design of INSYTE, there's more than a blood return. The catheter tip 
geometry interacts to provide superior flow rates that meet procedural 

demands. 


Maximum kink resistance. The Vialon polyurethane is more kink 
resistant than Teflon® because of its mechanical strength. And less 
kinking means fewer complications. 


Suturability. A patented suture ring or flexible wing enables 
the catheter to be tied in place whenever necessary. 


Patient comfort increases. The bio-compatible qualities of 
INSYTE with Vialon lessen catheter related complications, reducing 
the direct and indirect costs of restarts. 


INSYTE. Your high standards demand it. The challenge 
| was made to "show you a better I.V. catheter," and Deseret 
Medical responded. With INSYTE. Point for point, the most 
innovative breakthrough in I.V. catheters in years. Because your 
patients deserve it. And your professional integrity demands it. 
For further information about INSYTE, the most technologically 
advanced I.V. catheter yet, contact your Deseret Medical, Inc. sales 
representative. 


INSY TE. 


A point well taken. 





Deseret Medical, Inc. 
Sandy, Utah 84070 


eae e INSYTE and Vialon are registered trademarks of Deseret Medical, Inc. - Becton Dickinson and Company. 
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Anaesthesia in the Elderly 
Harold T. Davenport, M.B., Ch.B., Consultant Anaesthetist 


Park Hospital and Clinical Research Centre, Harrow, England 
(Elsevier) 


More and more geriatric patients are coming into the 
operating room. Anaesthesia in the Elderly addresses the 
many problems that an anesthesiologist needs to unders-and 
for the safe and practical management of these patients 

This book focuses on the medical and surgical problems 
associated with the elderly, and discusses management from 
a variety of viewpoints, including assessment, anesthetic 
administration, and post-operative care. Additional tepics 
include: Common Operation Anesthesia. Apparetus. 
Monitoring and Drugs, Diagnostic and Therapeutic Pro 
cedures, and Resuscitation 

To be certain of understanding the problems presented by 
this growing group of patients, send now for your copy oF this 
vital guide to geriatric patient Management 
1986 200 pages 0-444-01047-5 paper $20.75 


(Available outside North America by William Heinemann Medical 
Books, Ltd 


Anesthesia and Sedation in the Dental Office 
Edited by: Raymond A. Dionne, D.D.S., Ph.D. Research 
Pharmacologist, Neurobiology and Anesthesiology Brench. 
National Institute of Dental Research, National Institutes of 
Health. and Daniel M. Laskin, D.D.S., M.S., Professor and 
Chairman, Department of Oral and Maxillofacial Surgery. 
Medical College of Virginia 
(Elsevier 

In Anesthesia and Sedation in the Dental Office re 
nowned dental and medical anesthesiologists, oral surgeons 
pharmacologists, dental practitioners and educators, analyze 
the safety and effectiveness of dental anesthesia drugs. and 
the equipment required for tneir proper use 

This excellent collection of papers presented at the Na 
tional Institutes of Health Consensus Development Con 
ference covers topics including the differences between 
general anesthesia, deep sedation, and conscious sedation 
indications and contraindications for the use of general 
anesthesia and sedation in children, adults, and the ger atric 
population, and the appropriate agents, techniques, and 
training needed for monitoring and managing patients under 
general anesthesia and sedation 
1986 172 pages )-444-01038-6 cloth $65.00 
Dì. 160.00 outside North Americà 








esthesia 


Books 
from 
Elsevier ` 


Anesthesiology: A Concise Textbook 

Edited by:Thomas]. DeKornfeld, M.D., Professor Department 
of Anesthesiology, University of Michigan Hospital. Ann Arbor 
(MEPC) 

Here in one volume, twenty-five experts combine their 
knowledge in one readable authoritative source. Clinicians 
will find, in an easily accessible format, a complete and current 
overview of the clinical applications of anesthesiology as well 
as the underlying theory. Five major sections detail the 
practice of anesthesiology: anesthesia and the surgical spe- 
cialties: anesthesia and systemic problems; anesthesiology as 
a specialty; and tables and formulas, Discussing areas not 
usually covered in standard texts, such as legal considera- 
tions. ethical questions, and economic aspects of anesthe- 
siology, this book makes an excellent quick reference for the 
practicing anesthesiologist 
0-444-01010-6 paper $36.00 
Available from North American address only 





1986 569 pages 


Head Injury and the Anaesthetist 
Edited by: W. Fitch, B.S.C., M.B., Ch.B., Ph.D., FFA.R.C.S., 
Department of Anaesthesia, Glasgow Royal Infirmary, 
Glasgow, Scotland, and J. Barker, M.B., Ch.B., FF.A.R.C.S., 
D.A., Consultant Anaesthetist, Southern General Hospital, 
Glasgow, Scotland 
Elsevier) 
Monographs in Anaesthesiology Volume 14 
Anesthesiologists must have the knowledge to care for the 
head-injured patient, an involvement that goes beyond the 
technical assistance in surgical procedures. This collection of 
fourteen articles gives the anesthesiologist specific informa- 
tion about the general issues associated with trauma to the 
head. The authors discuss such topics as pulmonary function 
in head-injured patients, immediate care and transportation 
of the head-injured patient. post-operative care, and brain 
death. Keep up with the developments in head trauma 
treatment with this essential collection 
1985 290 pages ).444-80095.4 cloth $86.50 
DI. 220.00 outside North America 


Order from your usual supplier or: 

in North America: Elsevier Science Publishing Company. Inc 

PO. Box 1663. Grand Central Station New York, NY 10163-1663 
in the rest of the world: Elsevier Science Publishers 

PO. Box 211, 1000 AE Amsterdam. The Netherlands 

Medical Examination Publishing. Co. is a division of Elsevier Science 


Publishing Co.. Inc 7/87 VIAN 


MOVING? 


To avoid interruption in your receipt of this Journal, 
we need to know your new address—six weeks in ad- 
vance. 

When writing us, be sure to type or print clearly your 
name and your new address—complete with zip code. It 
is essential that you also list your old address. 


IMPORTANT: We publish a number of medical and 
scientific periodicals. Therefore, please be sure to give the 
name of THIS Journal when you write us. 

Thank you for cooperating! 


Elsevier Science Publishing Co., Inc. 
52 Vanderbilt Avenue 
New York, New York 10017 





ANESTHESIOLOGIST 


BC/BE to associate with a five person 
department affiliated with a sixty physi- 
cian multispecialty group. Cardiac, OB/ 
GYN and general anesthesia expertise 
required. City of 56,000 on Puget Sound, 
thirty miles north of Seattle. An opportu- 
nity for an exceptional personal/profes- 
sional lifestyle. 

Send C.V. to: 


Nicholas P. Marassi, M.D. 
The Everett Clinic 
3901 Hoyt Avenue 
Everett, WA 98201 


CLEVELAND CLINIC 


The Department of Cardiothoracic Anesthesia, Cleveland Clinic Foundation is seeking 


applications from those interested in a one-year GL-IV/V subspeciality training, encompassing 


the perioperative management of 3500 patients scheduled for all major cardiac and thoracic 


procedures. Such positions are available in July, 1988 or January, 1989. Opportunities for 


Clinical research accompany the vast clinical training. Interested candidates should write to: 


Dr. Norman J. Starr 


Department of Cardiothoracic Anesthesia 


Cleveland Clinic Foundation 


9500 Euclid Avenue 


Cleveland, Ohio 44106 


The Cleveland Clinic Foundation is an Affirmative Action/Equal Opportunity Employer. 





The First Fully-Interactive Computer-Based 


Biostatistics Tutorial 


Free demonstration diskette available! 





UNDERSTANDING 
BIOSTATISTICS: 


A computer-based tutorial 


Ronald P. Cody, Ed.D., Manager, Biostatistics and Research 
Computing, UMDNJ — Robert Woods Johnson 
Medical School, and Steven B. Just, Ed.D., 


President, Formal Systems, Inc. 


UNDERSTANDING BIOSTATISTICS: A 
computer-based tutorial is an educational, 
user-friendly, and menu-driven program de 
signed to help users learn biostatistics. Using 
an innovative approach and interactive format, 
the program covers topics in traditional dio 
statistics courses, and features: 
è High user-computer interactivity 
e A browse mode for glancing through 

the course without answering questions 
è A bookmarking feature to pick up 

where you left off 
e Dynamic color graphics to illustrate 

key concepts 
è Optional digressions of detailed 

theoretical concepts 
è On-line statistical tables 
e Tips on interpreting the output of 

popular computer statistics packages 
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UNDERSTANDING BIOSTATISTICS is the 


ideal software package for biostatistics courses 


in medical schools, students in upper-level 
undergraduate and graduate statistics Courses, 
and for professionals conducting medical or 
biological experimentation. 


Individual Version: 4 program diskettes + 1 
users manual, 0-444-01220-6, $150.00 
Institutional Version: 4 program diskettes + 4 
back-up diskettes + 4 users manuals, 0-444- 
01221-4, $300.00 

SYSTEM REQUIREMENTS: IBM compatible 
PC with 256K, IBM compatible CGA graphics 
board; color (preferred) or monochrome graph- 
ics monitor 


Send demonstration requests and orders to 
Elsevier Science Publishing Company, Inc. 
PO. Box 1663 Grand Central Station, New York, N.Y. 10163-1663 Ħ or call: (212) 916-1246 
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Classified Advertising 


MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, coop- 
erative, licensed, insured professionals car- 
ing about you. Call 1-800-762-1258, Box 
24432, Colorado Springs, CO 80918, or 303- 
598-2788 (CO). 


ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Ex- 
penses paid; partnerships usually avail- 
able. Please contact Southwest Anesthesia 
Services, PO Box 5719, Santa Fe, NM 87501. 
(505) 983-7371. 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New Yerk City, San Francisco, and Palm 
eat Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 


BEST ORAL BOARD PREP 

At best price. Includes mental training 
techniques for Peak Performance. Four 
practice exams. Reply Best Exam Prep. An- 
esthesia Department, 5400 Gibson S.E., Al- 
buquerque, NM 87108 (505) 262-7197. 


ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Next class 
Jan. 29-31. Two instructors. Limited class 
size. Reply: 2656 Gunckel BI., Toledo, OH 
43606 or (419) 729-6325; (419) 475-9641— 
evenings. . 


ABA ORAL EXAM REVIEW IN SCOTTSDALE 
This weekend course will stimulate, chal- 
lenge, educate, and prepare candidates for 
the oral exam, using case discussions. Re- 
cent significant research articles will be 
discussed. S separate sessions for 
FMGs with language difficulties. Limited 
class size. Call for dates and information 
(602) 264-6340. 


TV DRIP. DOSES WHEN YOU NEED THEM! 
New pocket chart provides preparation and 
drip rates for 16 vasoactive and anesthetic 


drugs in trim, durable format. Send $5.50 
each (5.00 for ten or more) and self-ad- 
dressed envelope to Heartcard Produc- 
tions; 10849 Deborah Drive; Potomac, MD 
20854. 


FREELANCE ANESTHETISTS 

Temporary and permanent—Madical Anes- 
thesio. iome-ba3ed through- 
out the United States. If you need an anes- 
thetist, call (800) 521-6750, ALLSTATES 
MEDICAL PLACEMENT AG=NCY, Box 
91, LaSalle, MI 48145, or (213)241-1454 
(MI). 


ANESTHESIOLOGIST 

BC or BE for immediate openir-g in beauti- 
ful lakeside community 1 hour northeast of 
Detroit. Five person group servicing two 
hospitals needs sixth anesthesiologist to 
supervise CRNAs and to administer some 
anesthesia. Excellent wage & benefit pack- 
age. Early Partnership. Please send C.V. to 
Eric Robb, MD or Ann Marie Ernst, DO, 
Anesthesia Associates of Port Euron, P.C., 
929 Division St., PO Box 611368, Port Hu- 
ron, MI 48061-611368. 


MARYLAND 
Anesthesiologist BC/BE sought for three- 
member group serving mdoern 200-bed 
community hospital. Six CRNAs. 4,000 ca- 
ses/year. All surgical subspecialities except 
cardiac. Regional trauma cente-. Moderate 
OB. Active new outpatient surgery unit 
within hospital. Community af 25,000 in 
mountains of Western Marylar.d. Close to 
four-season recreational opportunities. Po- 
sition available January 1988, but will wait 
for right person. Salary first, leading to 
ership. Send CV and references to: 
W.R. Hodges II, MD, Department of An- 
esthesla, Memorial Hospital and Medical 
Center, Cumberland, MD 21502. 


LOUISIANA 

ANESTHESIOLOGIST, Board Zertified or 
Eligible. Pediatric CV Anesthesia and Pain 
Clinic experience required. Group Practice— 
Progressive Community Medizal Center, 
suburb of New Orleans. CV to Director, 
Anesthesia Associates, PO Box 1400, Mar- 
rero, LA 70073-1400. 


INDIANA 
Faculty positions are available at the Assis- 
tant and Associate Professor levels. All 
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candidates for these positons must be in 
the examination system or board certified. 
Please send a curriculum vitae to Robert K. 
Stoelting, M.D., Professor and Chairman, 
Department of Anesthesia, Fesler Hall 
Room 204, 1120 South Drive, Indiana Uni- 
versity School of Medicine, Indianapolis, 
IN 46223. 


CALIFORNIA 

Opening for temporary clinical/teaching 
staff Anesthesiologist at Harbor/UCLA 
Medical Center. Stepping stone to South- 
ern California opportunities. Possibility of 
additional permanent academic appoint- 
ment to faculty of UCLA School of Medi- 
cine. Competitive sae ge. Send letter, 
C.V. with list of references to Chingmuh 
Lee, M.D., Professor and Chairman, De- 
partment of Anesthesia, 1003 W. Carson 
Street, Torrance, CA 90509/Equal Opportu- 
nity Employer M/F. 


ANESTHESIOLOGIST #1 

Full-time faculty position available for 
board eligible anesthesiologist with fellow- 
ship training in a subspecialty area (obstet- 
rical anesthesia, cardiac anesthesia, or 
neuro-anesthesia). Faculty rank will be 
commensurate with experience. Duties in- 
clude patient care, teaching, and research. 
Send CV to Crisper Carlsson, MD, Profes- 
sor and Acting Chairman, Dept. of Anes- 
thesiology, Temple University School of 
Medicine, Broad & Ontario Sts., Philadel- 
phia, PA 19140. Equal Opportunity/A ffir- 
mative Action Employer. 
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UNIVERSITY OF MISSOURI 
Anesthesiologists needed at Assistant and 
Associate Professor levels. Must be Board 
certified or Board eligible. Duties include 
patient care, resident and medical student 
teaching, and research. Positions available 
at the University of Missouri Health Sci- 
ences Center. Interested applicants send a 
Curriculum Vitae to: G. W. N. Eggers JR, 
MD, Professor and Chairman, Department 
of Anesthesiology, University of Missouri- 
Columbia, MO 65212. 


TEXAS, AUSTIN AREA. 

Anesthesiologists. Board certification de- 
sired. Fee-for-service practice at 135-bed 
hospital including all but cardiovascular. 
901 W. Ben White, (512) 448-7101. 


ANESTHESIOLOGY-THE CHILDRENS HOS- 
PITAL OF LOS ANGELES 

University of Southern California School of 
Medicine is seeking a physician with spe- 
cialized training and experience in pediatric 
anesthesia for appointment as Head, Divi- 
sion of Anesthesiology. The position will 
involve active patient care, teaching, re- 
search, and administrative responsibility. 
Applicants should be Board Certified in 
Anesthesia. Applicants must be licensed or 
licensable to practice in California. Quali- 
fied physicians from minority groups and 
women are encouraged to apply. Interested 
applicants should send their curriculum 
vitae to: Christopher Newth, MD, Chair- 
man, Search Committee and Head, Divi- 
sion of Pediatric Intensive Care, Childrens 
Hospital of Los Angeles, 4650 Sunset Blvd., 
Los Angeles, CA 90054-0700. 


AMERICAN ANESTHESIOLOGIST AVAIL- 
ABLE 

Age 32; Board Certified, AMG, excellent 
credentials. Highly qualified in all aspects 
of anesthesia care. Leadership abilities, 5 
years of university and private practice 
experience. Seeks private practice or direc- 
torship. Immediately available. Reply 604 
Waterwood Court, Lutz, FL 33549; 
(813)949-3342. 


MASSACHUSETTS 

Opportunity for BC/BE MDA with fee-for- 
service group at 200-bed community hospi- 
tal 35 minutes north of Boston. Excellent 
patient profile and growth projection. Case- 
load approx. 4000/yr. No OB or open heart. 
Excellent salary/fringe benefits first year 
with partnership thereafter. Send CV to 
Ernest Sneddon, MD, Dept. of Anesthesia, 
St. John’s Hospital, 1 Hospital Drive, Lo- 
well, MA 01852, or call (617)458-1411 x323. 


KANSAS CITY 
Immediate opening for enthusiastic 


B.C./B.E. anesthesiologist interested in 


Ad 


joining 5-doctor, 5-CRNA group in 350-bed 
suburban hospital. All surgical specialties 
including open heart and O.B. Excellent 
benefits. Salary and consideration for part- 
nership commensurate with qualifications. 
Please send curriculum vitae to Steve 
Cohn, M.D., 8929 Parallel Pkwy, Kansas 
City, Kansas 661:2. 


POSITION AVAILABLE FOR FELLOWSHIP IN 
PEDIATRIC ANESTHESIOLOGY 

In newly approved program. The depart- 
ment has over 11,000 cases per year with 
wide selection, including large neurosur- 
gical and cardiovascular experience. Apply 
to Program Director, Children’s Hospital, 
700 Children’s Drive, Columbus, OH 
43205. 


CALIFORNIA: ORANGE COUNTY AND LOS 
ANGELES 

Full- and part-time positions available in 
Orange County and Los Angeles. Fee-for- 
service. All types including OB, Send CV 
and references te Anesthesia Management 


‘Group, PO Box 5426, Buena Park, CA 


90622-5426. 


TEXAS BC/BE ANESTHESIOLOGIST 
Immediate opening for BC/BE anesthesiol- 
ogist in 180-bed hospital, all M.D., fee-for- 
service group. Must have Texas license. 
Please send application and C.V. to P.O. 
Box 874, Weslace. TX 78596. 


AAA ANESTHESIOLOGIST 

To confidentially explore salaried and con- 
tract positions available at our facilities in 
the U.S., reply with CV and include avail- 
ability date, licensure status, and geo- 
graphical preference. NAMA Professional 
Bldg. Suite 200, 138 East Street, Carlisle, 
MA 01741. 


ANESTHESIOLOGIST 

BE/BC needed for 200-bed modern commu- 
nity hospital in SW PA 60 miles NE of 
Pittsburgh. College town with excellent 
hunting, fishing, hiking, skiing. Young 
progressive medical staff. Anesthesia team: 
4 MDs, 9 CRNAs. Excellent future. No 
open heart, neuro. Reply to Box KK44, c/o 
Anesthesia and Analgesia, 333 Cedar Street, 
New Haven, CT 06510. 


YALE UNIVERSITY SCHOOL OF MEDICINE 
DEPARTMENT OF ANESTHESIOLOGY 

FACULTY POSITIONS are available for 
both clinical anesthesiologists and research 
staff. These appeintments are for immedi- 
ate and future placement. Please respond 
before February 1, 1988 by sending your 
c.v. to Paul G. 3arash, M.D., Chairman, 


Department of Anesthesiology, Yale Uni- 
versity School of Medicine, PO Box 3333, 
New Haven, CT 06510. Yale provides equal 
opportunities for employment to all appli- 
cants. 


WANT TO PASS THE ORAL BOARDS?? 
WANT TO PASS THE WRITTEN BOARDS?? 
Learn how to take the oral and written 
boards through the use of mock exams and 
individualized critiques. In this weekend 
course you will learn skills in organization, 
analysis, and flexibility necessary to excel 
in the review. Scores of anesthesiologists 
will attest to the success of this review 
course. For references and information, 
send name, address, and telephone num- 
ber to Box KK42 c/o Anesthesia and Analgesia, 
333 Cedar Street, New Haven, CT 06510 or 
call (718)727-9690. 


SITUATION WANTED 

Board-Certified Anesthesiologist with 8+ 
years of experience seeking a position with 
existing group, fee-for-service practice, or 
associate situation. Will consider locums 
tenens in: CT, FL, GA, MA, PA, or RI. 
Background in teaching, CRNA supervi- 
sion, and some administration. Experience 
includes Invasive Monitoring, OB, and 
PEDS. Please reply Box #KK43, c/o Anesthe- 
sia and Analgesia, 333 Cedar Street, New 
Haven CT 06510. 


CALIFORNIA ANESTHESIOLOGIST 

One full-time faculty position at the As- 
sistant/Associate Professor level in expand- 
ing, young department with emphasis on 
teaching and research. Complete clinical 
services in one hospital. Prerequisites; fel- 
lowship year or equivalent training in sub- 
specialty area; board eligibility; meet Cali- 
fornia license requirements; ability to write 
scholarly articles and have a genuine com- 
mitment to inquiry. Particular attention will 
be given to those having critical care train- 
ing. Women and minorities are encouraged 
to apply. Send curriculum vitae, bibliogra- 
phy, and names of three references to John H. 
Eisele jr, MD, Anesthesiology Department, 
University of California, Davis, Medical 
Center, 2315 Stockton Blvd., Sacramento, 
CA 95817. Position open until filled but not 
later than February 29, 1988. We are an 
Equal Opportunity/Affirmative Action Em- 
ployer. 


STAFF POSITION ANESTHESIOLOGISTS 

Louisiana—Louisiana State University in 
New Orleans, faculty Staff Anesthesiolo- 
gists, Board Certified/eligible needed. Du- 
ties include teaching residents, interns, and 
medical students. All types of surgery per- 
formed. Very active high-risk OB Depart- 
ment. Opportunity for academic advance- 
ment with excellent pay and fringe 


benefits. Research interest welcome. Any 
aces ogee considered. Equal opportunity 
employer. Please reply immediately. with 
CV to M. Naraghi, MD, Professor and 
Chairman, Department of Anesthesiology, 
1532 Tulane Avenue, New Orleans, LA 
70140. 








INDIANA 

A position is available for a pediatric anes- 
thesiologist at the assistant or associate 
professor level in the Department of Anes- 
thesia, Indiana University School of Medi- 


cine. Candidates must have completed a` 


specialized year in pediatric anesthesia and 
be in the examination system or board 
certified. Please send a curriculum vitae to 
Robert K. Stoelting, M.D., Professor and 
Chairman, ent of Anesthesia, 
Fesler Hall Room 204, Indiana University 
School of Medicine, 1120 South Drive, In- 
dianapolis, IN 46223. 








INDIANA 

Faculty positions are available at the Assis- 
tant and Associate Professor levels for all 
aspects of adult anesthesia including pain 
management. All candidates for these po- 
sitions must be in the examination system 
or board certified. Please send a curriculum 
vitae to Robert K. Stoelting, M.D., Profes- 
sor and Chairman, Department of Anesthe- 
sia, Fesler Hall Room 204, 1120 South 
Drive, Indiana University School of Medi- 
cine, Indianapolis, IN 46223. 








OREGON 

Oregon Health Sciences University, De- 
partment of Anesthesiology, is recruiting 
for faculty members at the Assistant and 
Associate Professor levels. Specialized year 
training or equivalent experience is re- 
quired. Specific need exists in critical care, 
pediatric, obstetrical, and cardiac anesthe- 


sia but others with strong clinical teaching 
interest and ability will be considered. Re- 
search interest and background is desir- 
able. Candidates must be eligible for Ore- 
gon Medical License. Please send C.V. and 
names of three references to Wendell C. 
Stevens, M.D., Department of Anesthesiol- 
ogy, 3181 S.W. Sam Jackson Park Road, 
Portland, OR 97201. The Oregon Health 
Sciences University is an equal opportuni- 
ty/affirmative action employer. 








MEDICAL COLLEGE OF WISCONSIN 

An opportunity exists for a bright, person- 
able anesthesiologist seekcng a stimulating 
academic career. The Medical College of 


Wisconsin Department of Anesthesiology,’ 


an Affirmative Action Equal Opportunity 
Employer, has a teaching program with 50 
residents, over 60 staff, and seven major 
teaching hospitals. The qualified applicant 
will find numerous avenuzs to pursue both 
clinical and basic science research. Our 
highly competitive residency program. will 
assure a stimulating teaching environment. 
The Milwaukee area offers an abundance of 
cultural and recreational activities with an 
excellent educational system. If you desire 
the benefits of a large zity while in an 
environment that preserves your quality of 
life, write to us discussing your abilities 
and strengths. Please include your curricu- 
lum vitae. Address replies to: Karel J. 
Kotrly, M.D., Department of Anesthesiol- 
ogy, 5000 W. National Ave., Milwaukee, 
WI 53295. 








CHIEF ANESTHESIOLOGIST 

Vacancy exists for Board Certified or Board 
Eligible physician for the position of Staff/ 
Section Chief Anesthesidlogist. This is a 
846-bed medical center which is affiliated 
with the University of Tennessee, Mem- 
phis. Eligible physicians will qualify for a 
faculty appointment. The full range of sur- 
gical procedures, including cardiac sur- 
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gery, is performed. Interested physicians 
should submit their applications and Cur- 
riculum Vitae to the Chief of Staff (11), VA 
Medical Center, 1030 Jefferson Avenue, 
Memphis, TN 38104. 








SOUTH DAKOTA 

The Section of Anesthesiology of the De- 
partment of Surgery of the University of 
South Dakota is recruiting a full-time anes- 
thesiologist. An excellent research facility 
and opportunities for private practice are 
available. The and benefits are 
highly competitive. Closing date for receipt 
of applications is March 1, 1988 or until 
position is filled. Please forward curriculum 
vitae to Frank E. Jones, MD, Chairman, 
Search Committee, 2501 West 22nd Street, 
Sioux Falls, SD 57105. The University of 
South Dakota is an equal opportunity/affir- 
mative action employer. 








CALIFORNIA 

Los Angeles County Harbor-UCLA Medi- 
cal Center, Department of Anesthesiology. 
Unexpected opening in faculty position in 
the rank of assistant professor. Desires re- 
cent graduate of anesthesiology fellowship 
with research training. Board eligible or 
certified. Active clinical services, research, 
and independent residency program in the 
department. Excellent southern Los 
Angeles location. Ample academic career 
opportunities with joint UCLA and Los 
Angeles County appointments. Competi- 
tive compensations. Send statement, C.V., 
and list of referees to: CHINGMUH LEE, 
M.D., PROFESSOR AND CHAIRMAN, 
DEPARTMENT OF ANESTHESIOLOGY, 
HARBOR-UCLA MEDICAL CENTER, 
TORRANCE, CA 90509. An Equal oppor- 
tunity employer. i 
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BRIEF SUMMARY —(Piease consult full package insert 
enclosed in every package, betore using Re 
INDICATIONS —Pyridostigmine bromide is i setu! as a rever 
sal agent or antagonist to nondepoiarizing muscie relaxants 
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WARNINGS—Pyridostigmine bromide should be used with 
parti Caution in patients with bronchial asthma or cardiac 
dysrhythmias. Transient bradycardia may occur and be 
relieved by atropine sulfate Atropine should also be used with 
caution in patents with cardiac dysrhythrrias When large 
doses of pynidostigmine bromide are administered, as during 
reversal of muscle relaxants. prior or simultaneous injection of 
atropine sulfate is advisable Because of the possibility of 
nypersensitivity in an occasional patient, a’ropine and anti 
shock medication should always be readily evailable 

When used as an antagonist to nondepoaiarizing muscle 
relaxants, adequate recovery O! voluntary respiration and 
Neuromuscular transmission must be obtained prior to dis 
continuation of respiratory assistance and there should be 
continuous patient observation Satisfactory recovery may be 
detined by a combination of clinical judgement, respiratory 
measurements and observation of the effects of peripheral 
nerve stimulation If there is any doubt concerning the ade 
qQuacy of recovery from the effects of the nondepolarizing 
muscle relaxant, artificial ventilation should te continued unt) 
all doubt has been removed 
Use in Pregnancy —The satety of pyridos amine bromide 
during pregnancy ar lactation in humans has not been estab 
Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits agzinst ns possibie 
nazards to mother and child 
ADVERSE REACTIONS — The side effects of pyridostiqmine 
bromide are most commonly related to overdosage and gen 
erally are of two varieties, muscarinic and nicotinic. Among 
those in the former group are nausea, vomiting, diarrhea, 
abdominal cramps. increased peristalsis, mcreased saliva 
tion, increased bronchial secretions, miosis and diaphoresis 
Nicotinic side effects are comprised chietly of muscle 
cramps, fasciculation g 
can usually be Counteracted by atropine 
pound containing the bromide radical, a 
seen in an occasional patient Such reactions usually subside 
promptly upon discontinuance of the medication Throm- 

phlebitis has been reported subsequert to intravenous 
administratio 
DOSAGE AND ADMINISTRATION. Wher pynd 
bromide ts given intravenously to reverse the a 
relaxant drugs. itis recommended that atrop'ne sulfate 
1.2 mg) or glycopyrrolate in equipotent doses be given intra 
venously immediately prior to or simultaneous with its admin 
istration Side effects. notably excessive secretions and 
ycardia, are thereby minimized. Reversal dosages range 
from 0.1-0 25 mg./kq Usually 10 or 20 mg. of pyndostiqmine 
bromide will be sufficient for antagonism of the effects of the 
nondepolarizing muscle relaxants, Although full recovery may 
occur within 15 minutes in most patients, others may require a 
halt hour or more Satis ory reversal Can be evident by ade 
Qui voluntary respiration. respiratory Measurements and 
use of a peripheral nerve stimulator device It 
mended that the patient de well ventilated ard a pate irway 
maintained until complete r very of normal respiration is 
assured Once satisfactory reversal has been attained 
recurarization has not been reported 

Failure of pyridostigmine bromide to provide prom 
30 minutes) reversal may occur. e.g., in the pre ce of 
extreme debilitation. carcinomatosis, or with concomitant use 
o! certain broad spectrum antibiotics or anesthetic agents 
notably ether Under these circumstances ventilation must be 
ported by artificial means until {he patiant has resumed 
>of his respiration 


HOW SUPPLIED Regono! 's availabie in 
5mg/mi 2m! ampuls—boxes of 25—NDC-0052-0460-02 
5 ml. vials—boxes of 25—NDC-0052-0460-05 


REFERENCES: 
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muscular blockade produced by pancurcnium bromide. 1 
The effects of glycopyrrolate and pyridostigmine Curr Ther 
Res 18:377-386, 1975 

Ravin MB: Pyridostigmine as an antaconist of d-tubo- 
curanrine-induced and pancuronium-incuced neuromus- 
cular blockade Anesth Anaig—Curr Res £4 317-321, 1975 
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In 
~Sleversal 


of nondepolarizing 
~ muscle relaxants, 

don't look for what's better... 
. Look for what's best 





lostigmine == 
bromide injection, USP) 
when compared to neostigmine 


(pyrid 


‘~ [Clinically fewer side effects 


[Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

OWide margin of safety’? 


OR-50% 


Now with greater range 
and improved clarity 


The new TRANSCOR II Radio-Stethoscope. 


Have complete freedom of movement 
without missing a beat. Or a breath. 


The Transcor || Radio-Stethoscope frees you 
to monitor equipment, prepare and administer 
medication and even take notes. And all the 
while maintain vigilance of vital sounds wherever 
you are in the operating room. 


Easy Use. Quality Sound. The Transcor || 
microphone attaches directly to any standard 
esophageal or precordial stethoscope, so you 
get stethoscope-quality scund without the 
restrictions of the stethoscope. Less interference, 
too, from electrocautery and other operating 
room background sources. 





Compact and Comfortable. The radio/receiver clips 
onto your scrub suit, while the lightweight headsets are de- yy 
signed for comfort and extended use. You can also broad- 
cast vital sounds through a tabletop FM radio. 
Simultaneous Monitoring. Multiple radio/receivers 
allow more than one person to listen to the patient at the 
same time. Excellent for teaching. Multiple-channel system 
also available. 


Only $295.00. For the complete Transcor II system 
(receiver, transmitter, microphone, headsets, adaptor 
for molded earpiece, precordial stethoscopic head and 
Transcor pediatric stethoscopic head. 


Upgrade your original 
Transcor system. 


If you already own 
a Transcor Radio- 
Stethoscope, return it 
to us with your check 
for $50 and we'll 
send you a Transcor 
Il system, with 
greater range and 
Clarity. 


Sony Walkman® 
Headset Input Receiver 
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60-second reversal 
of neuromuscular blockade 


e Onset of reversal significantly faster than with neostigmine or 
pyridostigmine—60 seconds versus 7 minutes for neostigmine, 12 
minutes for pyridostigmine."” 


e Duration of reversal comparable to that of neostigmine—66 minutes 
versus 76 minutes for neostigmine.’”’ 


e Significantly fewer muscarinic side effects and lower atropine 
requirement than with neostigmine—edrophonium, 0.5 mg/kg, with 
only 7 ug/kg atropine, produced minimal change in heart rate or mean 
arterial pressure compared to noticeable changes in both indexes 
following neostigmine, 0.04 mg/kg, using twice the atropine dose 
(15 ug/kg)."” 

e May be the preferred reversal agent for atracurium and vecuronium 
‘compared with neostigmine, edrophonium has a more complete 
spectrum of atracurium reversal characteristics, and...antagonizes 
more rapidly residual atracurium-induced neuromuscular blockade.’” 


‘Edrophonium may in fact be the preferred reversal agent for routine 
use with [vecuronium], having the advantages that restoration of 
voluntary muscle function is very rapid, and that the relatively small 
dose of atropine required minimizes the unwanted side-effects of 
this drug.” 


*Note: When duration of action is adjusted for differences in onset of action, the relative durations are 65 minutes for edrophonium . 
and 69 minutes for neostigmine. 


1. Cronnelly R, Morris RB, Miller RD: Edrophonium: duration of action and atropine requirement in humans during halothane anesthesia. Anesthesiology 
57:261-266, 1982. 2. Miller RD, et al: Comparative times to peak effect and duration of action of neostigmine and pyridostigmine. Anesthesiology 
41:27-33, 1974. 3. Jones RM, Pearce AC, Williams JP: Recovery characteristics following antagonism of atracurium with neostigmine or edrophonium. 
Br J Anaesth 56:453-457, 1984. 4. Baird WLM, Bowman WC, Kerr WJ: Some actions of ORG NC45 and of edrophonium in the anaesthetized cat 

and in man. Br J Anaesth 54:375-385, 1982 


Please see use information on next page. 
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Enlon (edrophonium chloride injection, USP) 


DESCRIPTION 

ENLON (edrophonium chloride injection, USP) is a rapid acting cholinergic 
(cholinesterase inhibitor), Chemically edrophonium chloride is ethyl 
(m-hydroxypheny!) dimethylammonium chloride and its structural formula is 


C2Hs 


HO N+(CH,)2 | Ci- 


ENLON contains in each mL of sterile solution. 

10 mg edrophonium chloride compounded with 045% phenol and 0.2% sodium 
sulfite as preservative, buffered with sodium citrate and citric acid, Its pH is acjusted 
to approximately 5.4 


CLINICAL PHARMACOLOGY 

ENLON (edrophonium chloride injection, USP) activates neuromuscular transmission 
primarily by inhibiting or inactivating acetylcholinesterase. By inactivating the 
acetyicholinesterase enzyme, acetylcholine is not hydrolyzed by acetylcholinesterase 
and is thereby allowed to accumulate. The accumulation of acetylcholine at the sites 
of cholinergic transmission facilitates transmission of impulses across the mycneural 
junction 


INDICATIONS AND USAGE 

ENLON (edrophonium chloride injection, USP) is recommended as a reversakagent 
or antagonist of nondepolanzing muscle relaxants such as tubocurarine, metocurine, 
atracurium, vecuronium, or pancuronium. It is not effective against depolerizing 
relaxants such as succinylcholine and decamethonium. It is also useful 1° used 
adjunctively in the treatment of respiratory depression caused by curare overdosage 
ENLON is recommended for use in the differential diagnosis of myasthenia gravis. 
It may also be used as an adjunct to evaluate treatment requirements of the d.sease, 
and for evaluating emergency treatment in myasthenic crisis. It is not recommended 
for maintenance therapy in myasthenia gravis. 


CONTRAINDICATIONS 

ENLON (edrophonium chloride injection, USP) is not to be used in patients with 
known hypersensitivity to anticholinesterase agents, or in patients having urinary 
obstructions of mechanical type. 


WARNINGS 

It is recommended that 1 mg atropine sulfate should be made available for immsdiate 
use, to counteract any severe cholinergic reaction. ENLON (edrophonium chloride 
injection, USP) should be used with caution in patients with bronchial astma or 
cardiac dysrhythmias. Transient bradycardia may occur and be relieved by atropine 
sulfate. Isolated instances of cardiac and respiratory arrest following adminis-ration 
of edrophonium chlonde have been reported. It is postulated that these are vacotonic 
effects. 


PRECAUTIONS 

General: As with any antagonist of nondepolarizing muscle relaxants, adequate 
recovery of voluntary respiration and neuromuscular transmission must be obtained 
prior to discontinuation of respiretory assistance. Should a patient davelop 
“anticholinesterase insensitivity" for brief or prolonged periods, the patient should 
be carefully monitored and the dosage of anticholinesterase drugs reduced or 
withheld until the patient again becomes sensitive to them 

Drug Interactions: The drug should not be administered prior to the adminis=ration 
of any nondepolarizing muscle relaxants. The drug should be administered with 
caution to patients with symptoms of myasthenic weakness who are aiso on 
anticholinesterase drugs. Anticholinesterase overdosage (cholinergic crisis) 
symptoms may mimic underdosage (myasthenic weakness) so the use of this drug 
may worsen the condition of these patients (see OVERDOSAGE section for treatment) 
Pregnancy Category C: It is not known whether ENLON (edrophonium chloride 
injection, USP) can cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity, since there have been no adequate and well 
controlled studies in humans 

Labor and Delivery: The effect of ENLON on the mother and fetus, an the 
duration of labor or delivery, on the possibility that forceps delivery or other 
intervention or resuscitation of the newborn will be necessary is not known. The 
effect of the drug on the later growth, development and functional maturacion of 
the child is also unknown 

Nursing Mothers: The safety of ENLON during lactation in humans has net been 
established. 


ADVERSE REACTIONS 

A patient in myasthenic crisis, being treated with ENLON (edrophonium chloride 
injection, USP) should be observed for bradycardia or cardiac standstill and 
cholinergic reactions if an overdosage is given. Reactions common te anti- 
cholinesterase agents such as edrophonium chloride are 

Cardiovascular: arrhythmias (especially bradycardia), fall in output leading to 
hypotension; 

Respiratory: increased tracheobronchial secretions, laryngospasm, bronchiolar 
constriction and respiratory muscle paralysis; 

Neurologic: convulsions, dysarthria, dysphonia, and dysphagia; 
Gastrointestinal: nausea, vomiting, increased peristalsis, increased gastmc and 
intestinal secretions, diarrhea, abdominal cramps; 

Musculoskeletal: weakness and fasciculations; 

Miscellaneous: increased urinary frequency, diaphoresis, increased lacrimation, 
pupillary constriction, diplopia, and conjunctival hyperemia. 


Anaquest 
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OVERDOSAGE 
Muscarine-like symptoms (nausea, vomiting, diarrhea, sweating, increased bronchial 
and salivary secretions and bradycardia) may appear with overdosage (cholinergic 
crisis) of ENLON (edrophonium chloride injection, USP) but may be managed by 
the use of atropine, Obstruction of the airway by bronchial secretions can arise and 
may be managed with suction (especially if tracheostomy has been performed) and 
by the use of atropine. Signs of atropine overdosage such as dry mouth, flush and 
tachycardia-should be avoided as tenacious secretions and bronchial plugs may form. 
Should edrophonium chloride overdosage occur: 

1. Maintain respiratory exchange. 

2. Monitor cardiac function. 
Appropriats measures should be taken if convulsions or shock are present. 


DOSAGE AND ADMINISTRATION 

The recommended adult intravenous injection for antagonism of neuromuscular 
block: 

Administer 1 mL (10 mg) slowly within a period of 30 to 45 seconds, the dosage 
may be repeated to a maximum total dose of 4 mL (40 mg). Its onset of action is 
manifest within 30 to 60 seconds after injection. Response should be monitored 
carefully and assisted ventilation should always be employed. When given to 
counteract muscle relaxant overdosage, the dose effect on respiration should be 
observed prior to repeat dosages and assisted ventilation should be employed. 
ENLON (ecrophonium chloride injection, USP) Test in Differential Diagnosis of 
Myasthenia Gravis: 

Adults: 

Intravenous Dosage: Prepare a tuberculin syringe with 1 mL (10 mg) of ENLON 
and an intravenous needle; intravenously inject 0.2 mL (2 mg) within 15 to 30 seconds. 
The needle should be left in situ. If a cholinergic reaction (muscarinic side effects, 
skeletal muscle fasciculations and increased muscle weakness) occurs, discontinue 
test and intravenously administer 0.4 mg to 0.5 mg atropine sulfate. Inject the 
remaining 0.8 mL (8 mg) only if no reaction occurs after 45 seconds. The test may 
be repeated after one-half hour. 

Intramuscular Dosage: intramuscularly inject 1 mL (10 mg) of ENLON. If 
hyperreactivity (cholinergic reaction) is demonstrated, retest the patient after one- 
half hour with another intramuscular injection of 0.2 mL (2 mg) ENLON. This will 
eliminate the possibility of false-negative reactions. 


Children: 

Intravenous dose in children weighing up to 75 pounds: 

Intravenously inject 0.1 mL (1 mg) ENLON. If there is no response within 45 seconds, 
incrementa! doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 05 mL (5 mg). The recommended dose in infants is 
0.05 mL (0.5 mg). 

Intravenous dose in children above 75 pounds: 

Intravenously inject 0.2 mL (2 mg) ENLON. If there is no response within 45 seconds, 
incrementa? doses of 0.1 mL (1 mg) given every 30 to 45 seconds may be administered 
to a maximum total dose of 1 mL (10 mg). 

Intramuscular Dose; intramuscularly inject 02 mL (2 mg) ENLON in children 
weighing up to 75 pounds; above this weight, the dose is 0.5 mL (5 mg). All signs 
of hyperreactivity (cholinergic reaction) noted in the intravenous test will be 
demonstrated in the intramuscular test; however, there is a two to ten minute delay 
before reaction 

ENLON (edrophonium chloride injection, USP) Test to Evaluate Treatment 
Requirements in Myasthenia Gravis: 

The test dose of ENLON should follow one hour after oral intake of the drug being 
used to treat the disease. The recommended dose is 0.1 mL to 0.2 mL (1 mg to 
2 mg) administered intravenously. Response to ENLON test dose in treated 
myasthenic patients is summarized as follows 

Undertreated patient: Myasthenic response; characterized by increased muscle 
strength (ptosis, diplopia, dysphonia, dysphagia, dysarthria, respiration, limb 
strength). This indicates inadequate treatment of the myasthenic condition 
Controlled patient: Adequate response; characterized by no change in muscle 
strength with minimal side reactions (lacrimation, diaphoresis, salivation, abdominal 
cramps, nausea, vomiting, diarrhea). Fasciculations (orbicularis oculi, facial muscles, 
limb muscles) may or may not occur. The response indicates that therapy is stabilized. 
Overtreated patient: Cholinergic response; characterized by decreased muscle 
strength and severe side reactions. Fasciculations may be observed. This response 
occurs in myasthenics who have been overtreated with anticholinesterase drugs. 
ENLON (ecrophonium chloride injection, USP) Test in Crisis: 

Crisis in the myasthenic patient is characterized as a state of severe respiratory 
distress with inadequate ventilatory exchange, and unpredictable response to 
medication If the patient is apneic, achieve ventilatory exchange immediately to 
avoid cardiac arrest and irreversible central nervous system damage 

The ENLON Test should not be conducted until respiratory exchange is maintained. 
The cholinergic patient will exhibit further weakness in the muscles of respiration 
and will have increased oropharyngeal secretions if ENLON is administered. 
Whereas, upon administration of ENLON the myasthenic patient will demonstrate 
improved respiration and can be given additional medication. Tb perform the test 
prepare a syringe with 0.2 mL (2 mg) ENLON and intravenously inject 0.1 mL 
(1 mg). The patient's cardiac and respiratory actions should be observed for change. 
The remaining 0.1 mL (1 mg) may be injected after one minute if no response is 
noted. If, after the entire 02 mL (2 mg) dose has been injected, no improvement 
in respiratien occurs, discontinue all anticholinesterase drugs. Controlled ventilation 
can be achieved by tracheostomy with assisted respiration. 


HOW SUPPLIED 
ENLON (ecrophonium chloride injection, USP) 
NDC 10019-873-15 15 mL multidose vials 
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TRACRIUM® (atracurium besylate) 
Injection is meaningfully different from all 
other neuromuscular blockers. TRACRIUM 
is inactivated in plasma by two pathways, 
Hofmann elimination and ester hydrolysis, 
that act independently of liver or kidney 
function. This unique metabolism can 
result in superior control and makes possible: 


E More Predictable Dosing 

The unique metabolism of TRACRIUM 
eliminates the need for age-related dosage 
adjustments.' Valuable time is not lost 
making dosage calculations. 


E More Predictable Response 
Repeated equipotent doses of 

TRACRIUM, administered at equal 

intervals, have no cumulative effect.’ 





Response is predictable, even with multiple 
injections or long periods of continuous 
infusion,’ allowing you additional time for 
patient monitoring. 


E More Predictable Recovery 

With TRACRIUM, you can feel 
confident of a predictable conclusion to 
neuromuscular blockade. And your 
patients can be in the recovery room faster. 


E More Predictable, Superior Control 
TRACRIUM is an excellent agent for 
administration by repeated bolus injection 

or continuous infusion. The lack of 
cumulative effects of TRACRIUM by 
infusion makes possible a smooth, steady- 
level relaxation without the need for 
multiple maintenance bolus doses 
throughout a long procedure. 


TRAGRIUM weection 
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TRACRIUM® INJECTION 
(atracurium besylate) 


Brief 
This drug should be used only by adequately trained individuals familiar with its actions, character- 
istics, and hazards. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION. INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULC 
BE IMMEDIATELY AVAILABLE 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION 


Tracrium has no known effect on consciousness, pain threshold. or cerebration. It should be usec 
only with adequate anesthesia 


Tracrium Injection, which has an acid pH, should not be mixed with alkaline solutions (e.g . 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous intu 
sion through the same needle. Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may be precipitated 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine. 
the possibility of substantial histamine release in sensitive individuals must be considered. Specia! 
Caution should be exercised in administering Tracrium to patients in whom substantial histamine 
release would be especially hazardous (e.g.. patients with clinically significant cardiovascular dis- 
ease) and in patients with any history (e.g.. severe anaphyiactoid reactions or asthma) suggesting a 
greater risk of histamine release. In these patients. the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided doses 
over one minute 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range 
it will not counteract the bradycardia produced by mary anesthetic agents or vagal stimulation As æ 
result, bradycardia during anesthesia may be more common with Tracrium than with other muscle 
relaxants. 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert syndrome 

or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted 

The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis 


The safety of Tracrium has not been established in patients with bronchial asthma 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include 
enflurane: isoflurane; halothane, certain antibiotics, especially the aminoglycosides and polymyxins 
lithium; magnesium Salts; procainamide; and quinidine 


Hf other muscle relaxants are used during the same orocedure, the possibility of a synergistic or 
antagonist effect should be considered 


The prior administration of succinyicholine does not enhance the duration, but quickens the onset 
and may increase the depth of neuromuscular blockade induced by Tracrium. Tracrium should not be 
administered until a patient has recovered trom succiryicholine-induced neuromuscular blockade 


Carcinogenesis, Mutagenesis, Impairment of Fertility: A positive response was observed in the 
Mouse ‘ymphoma assay under conditions which killed over 80% of the treated cells. A tar weaker 
response was observed in the presence of metabolic activation at concentrations which also killed 
over 80% of the treated cells 


Pregnancy; Teratogenic Effects: Pregnancy Category C. Tracrium has been shown to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-half the human dose. There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only it the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: It is not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse etfects on the fetus or increase the likelihood that resuscitation of 
the newborn will be necessary The possibility that forceps delivery will be necessary may increase 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful etfects were attributable to Tracrium in any of the newborn infants, although 
small amounts of Tracrium were shown to cross the placental barrier The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during 
which a neuromuscular blocking agent has been administered. In patients receiving magnesium 
sulfate. the reversal of neuromuscular blockade may be unsatisfactory and Tracrium dose should be 
lowered as indicated 


Nursing Mothers: it is not known whether the drug is excreted in human milk. Caution should be 
exercised when Tracrium is administered to a nursing woman 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions ey extensive 
Clinical trials. Most were suggestive of histamine re ease (see Precautions Section). The overall 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% 


Most adverse reactions were of little clinical significance unless they were associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed in 530 
patients, without cardiovascular disease, were as follows: in those patients given the recommended 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2.8% and 
decreased in 2.1% of patients while the heart rate inc-eased in 2.8% of these patients. At doses of 
= 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial pressure while 4.8% 
had an increase in heart rate. At doses = 0.30 mg/kg, mean arterial pressure increased in 1.9% and 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients. 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom of 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylectic or anaphylactoid) which, in rare instances 

were severe (e.g.. cardiac arrest); Musculoskeletal: inadequate, prolonged block; Cardiovascular 

hypotension, vasodilatation (flushing), tachycardia. bradycardia; Respiratory: dyspnea, broncho- 
spasm, laryngospasm: /ntegumentary: rash. urticaria, injection site reaction 





‘Miller R, Rupp S, Fisher D, et al: Clinical pharmacology of vecuronium and atracurium. Anesth: 
4984;61:444—453. 
Payne J: Atracurium, in Katz R (ed): Muscle Relaxants: Basic and Clinical Aspects. Orlando, Grune 
Stratton, 1984, p 98 
Eagar B. Flynn P. Hughes R: Infusion of atracurium for long surgical procedures. Br J Anaesth 
1984.56:447-452 
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IARS REVIEW COURSE 
LECTURES AVAILABLE 





— 1987, 61st Congress—25 Review 
Course Lectures—$6.00 


—— 1986, 60th Congress—26 Review 
Course Lectures—$6.00 


—— 1985, 59th Congress—26 Review 
Course Lectures—$6.00 


— 1984, 58th Congress—24 Review 
Course Lectures—$6.00 


— 1983, 57th Congress—16 Review 
Course Lectures—$5.00 


—— 1982, 56th Congress—14 Review 
Course Lectures—$5.00 


To: 
International Anesthesia Research Society 


3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked above. 


My check, payable to IARS in the amount of 








$ is enclosed. 
(Name) 
(Mail Address) 








(City, State, Zip) 


The 
MIDWEST ANESTHESIA CONFERENCE 
(M AC) 


May 12th-14th, 1988 


Hyatt Regency Hotel 
Chicago, Illinois 


The ILLINOIS SOCIETY OF ANESTHESIOLO- 
GISTS announces the Twenty-Fifth Annual MID- 
WEST ANESTHESIA CONFERENCE. The confer- 
ence is to be held on Thursday, May 12th 1988 thru 
Saturday, May 14th 1988 at the Hyatt Regency Hotel 
in Chicago, Illinois. 


The three day program will present current topics in 
Anesthesiology in the form of mini-courses general 
sessions and panel discussions by renowned experts 
Social activities have been planned to include a tour of 
the new, major Anesthesiology exhibit “THE CON- 
QUEST OF PAIN” in the Museum of Science and 
Industry in Chicago. 


For further information write to: 


MIDWEST ANESTHESIA CONFERENCE 
G P Goldstein Conference Manager 
P.O. Box 810 
Algonquin, Illinois 60102 


Second International 


LASER SURGERY CONGRESS 


June 22-26, 1988 
Opryland Hotel. Nashville. Tennessee 


SPECIAL REDUCED TUITION FOR ANESTHESIOLOGISTS 
$100 SATURDAY ONLY 


Topics and Steering Committee Meeting Location: The Congress will be held at the beautiful Opryland Hotel 

Anesthetic Techniques and Precautions in Nashville, Tennessee. Right next door is Opryland, U.S.A. with live music. 

Theodore Eisenman, M. D. numerous rides. restaurants, games. shops and craftsmen. There is also the 
Bronchoesophagology Grand Ole Opry. where top stars perform country music 


Stanley Shapshay 5 
” Social / $: A cockti a >e D ; 
Facial Plastic and Reconstructive Surgery ocial Activities: A cocktail hour has been planned the first night highlighting 


Head and Neck the exhibits. Also, participants of the Congress will float down the Cumber- 
Gregory Keller M.D land for a dinner cruise on the General Jackson Show Boat 


Fred J. Stucker, M.D Sponsored by: Department of Otolaryngology—Head and Neck Surgery and 
W. Russell Ries, M. D the Division of Continuing Medical Education. Congress Directors: Robert 
General Otology H. Ossoff. D.M.D.. M.D., James A. Duncavage. M.D 


Edward Emerson, M.D i es 
+ $425 alte arch 1. 1988 
Instrumentation and Research Tuition: $425 after March 1. 1988 


Terry Fuller, Ph.D $375 before March 1, 1988 
L aryngolo ry $211) residents 
Robert Ossoff D 3 D.. M.D $100 Anesthesiologists/Saturday only 
Herbert Dedo. M.D Additional Information: Vanderbilt Division of CME. Laser C congress 
Tetsuzo Inouye, M.D Coordinator. CCC-5326 MCN, Nashville. TN 37232. (615)-322-4030 
Robert Feder, M.D 
James Duncavage, M.D 


Neurotology Otology ° 
Stanley G. Lesinski. M.D 
Mitchel Schwaber, M.D 
Pediatric Otolaryngology 


James Stankiewicz, M.D 


Kenneth Grundfast, M.D iW i 
Photodynamic Therapy Univ ersi 


eS o Ne Medical Center 


Stuart Selkin, M.D 
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midazolam WRT 


Maemo) thiopental 


Cry / 





Key advantages 
in induction 





e Significantly less apnea 


INCIDENCE OF APNEA 


19% 
(8/43) 


VERSED tee VERSET 


With narcotic premedication’ With sedative premedication’ 


* Sigrtficant diterence (P-0.03) 
1Sigvficant Giferonce (P-0.02) 


e Better hemodynamic stability 


While differences were not statistically significant, 
VERSED IV. produced less pronounced decreases 
in stroke volume, heart rate, cardiac output and sys- 
temic vascular resistance. ..and a less pronounced 
increase in mean right atrial pressure? 


e Pronounced anterograde 


amnesia 


Significantly more VERSED-treated patients (24/24) 
had complete or partial anterograde amnesia than 
did thiopental-treated patients (13/26)' 


As a standard precaution, prior to LV. administration of VERSED in 
any dose, oxygen and resuscitative equipment should be immedi 
alely available. VERSED should be used as an induction agent only 
by persons trained in anesthesiology and familiar with all dosing and 
administration guidelines. Reduce dosage in elderly and debilitated 
in patients receiving narcotic premedication, and in those with 
limited pulmonary reserve 


INJECTABLE 


VERSED 
midazolam HCI ® Roche @v 


equivalent to 1 mg/mL or 5 mg/mL 


A significant advance in anesthetic induction 


Please see relerences afd Summary of produc roftorniation on the: following: peace 





References: 1. Data on file (Doc. #069-005, 007), Roche Laboratories. 2. VERS=D* 
(brand of midazolam HC1/Roche) @ , Scientific Summary, Roche Laboratories, a 
division of Hoffmann-La Roche Inc., Nutley, NJ. 1986 


VERSED® 
(brand of midazolam HCI/Roche) (V. 
INJECTION 





Before prescribing, please consult complete product information, a summary 
of which follows: 























Intravenous VERSED has been associated with respiratory depression and respi- 
ratory arrest, especially when used for conscious sedation. In some cases, wrere 
this was not recognized promptly and treated effectively, death or hypoxic 
encephalopathy has resulted. Intravenous VERSED should be used only in hos- 
pital or ambulatory care settings, including physicians’ offices, that provide tar 
continuous monitoring of respiratory and cardiac function. immediate availabety 
of resuscitative drugs and equipment and personnel trained in their use should be 
assured (See WARNINGS.) 

The initial intravenous dose for conscious sedation may be as little as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for older (over 60 years) or debilitated patients and in patients receiving conccmi- 
tant narcotics or other CNS depressants. The initial dose and all subsequent 
doses should never be given as a bolus. administer over at least 2 minutes and 
allow an additional 2 or more minutes to fully evaluate the sedative effect The use 
of the 1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is 
recommended to facilitate slower inject on. Consult complete product intormaion 
under DOSAGE AND ADMINISTRATION tor complete dosing information 


CONTRAINDICATIONS: Patients with known hypersensitivity to the drug Benza- 
diazepines are contraindicated in patients with acute narrow angle glaucoma: may 
be used in open angle glaucoma only if patients are receiving appropriate therapy. 
WARNINGS: Never use without individualization of dosage. Prior to IV use in 
any dose, ensure immediate availability of oxygen, resuscitative equipment 
and skilled personne! for maintenance of a patent airway and support of venti- 
lation. Continuously monitor for early signs of underventilation or apnea, 
which can lead to hypoxia/cardiac arrest unless effective countermeasures are 
taken immediately. Vital signs should continue to be monitored during the recovery 
period Because IV VERSED depresses respiration, and opioid agonists and other 
sedatives can add to this depression, it should be administered as an induction agent 
only by a person trained in general anesthesia and should be used for conscious 
sedation only in the presence of personne! skilled in early detection of underver la- 
tion, maintaining a patent airway and supporting ventilation. For conscious seca- 
tion, do not administer IV by rapid or single bolus. Serious cardiorespiratory 
adverse events have occurred. These have included respiratory depression, ap ea, 
respiratory arrest and/or cardiac arrest. sometimes resulting in death. There have 
been rare reports of hypotensive episodes requiring treatment during or after diag- 
nostic or surgical manipulations in patients who have received VERSED. Hypotension 
occurred more frequently in the conscious sedation studies in patients premedieated 
with narcotic 

Reactions such as agitation, involuntary movements, hyperactivity and combatiweness 
have been reported These may be due to inadequate or excessive dosing or improper 
administration; however, the possibility of cerebral hypoxia or true paradoxical 
reactions should be considered. Should these reactions occur, response to each 
dose of VERSED and all other drugs should be evaluated betore proceeding 
Concomitant use of barbiturates. alcoho! or other CNS depressants may increase the 
risk of underventilation or apnea and may contribute to profound and/or prolonged 
drug effect. Narcotic premedication aiso depresses the ventilatory response to carbon 
dioxide stimulation 

Higher risk surgical. elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED 
Patients with chronic renal failure and patents with congestive heart failure elimmate 
midazolam more slowly. Because elderly oatients frequently have inefficient function of 
one or more organ systems, and because dosage requirements have been shown to 
decrease with age. reduce initial dosage and consider possibility of a profound and/or 
prolonged effect 

Do not administer in shock, coma. acute alcohol intoxication with depression of ital 
signs. Particular care should be exercised in the use of lV VERSED in patients wih 
uncompensated acute illnesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injection; hazards in humans unknown Avoid 
extravasation 

Gross tests of recovery trom the effects o't VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contnbuton of 
other perioperative drugs and events can vary The decision as to when patients "nay 
engage in activities requiring mental alertness must be individualized, it is recom- 
mended that no patient should operate hazardous machinery or a motor vehicleunti! 
the effects of the drug, such as drowsiness, have subsided or until the day afteranes- 
thesia, whichever is longer 

Usage in Pregnancy: An increased risk of congenital malformations associated 
with the use of benzodiazepines (di and chlordiazepoxide) has been 
suggested in several studies. If VERSED is used during pregnancy, apprise the 
patient of the potential hazard to the fetus. 

PRECAUTIONS: Genera! Decrease intravenous doses in elderly and debilitated 
patients. These patients will also probably take longer to recover completely afte 
VERSED for induction of anesthesia 

VERSED does not protect against increased intracranial pressure or against the neart 
tate rise and/or blood pressure rise associated with endotracheal intubation uncer 
light general anesthesia 

Intormation for patients: Communicate the following information and instructions to 
the patient when appropriate: 1 Inform your physician about any alcohol consumption 
and medicine you are now taking, including nonprescription drugs. Alcohol has an 
increased effect when consumed with benzodiazepines, therefore, caution should be 
exercised regarding simultaneous ingest on of alcohol and benzodiazepines 

2. Inform your physician if you are pregnant or are planning to become pregnan: 


VERSED® (brand of midazolam HCI/Roche) 


3. Inform your physician if you are nursing 

Drug interactions; The sedative effect of IV VERSED is accentuated by premedication, 
particularly narcotics (e.g , morphine, meperidine, fentanyl) and also secobarbital 
and Innovar (fentany! and droperidol). Consequently. adjust the dosage according to 
the type and amount of premedication 

A moderate reduction in induction dosage requirements of thiopental (about 15%) 
has been noted following use of IM VERSED for premedication 

IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia This decrease correlates with the dose of 
VERSED administered 

Although the possibility of minor interactive effects has not been fully studied, VERSED 
and pancuronium have been used together in patients without noting clinically signifi- 
cant changes in dosage, onset or duration. VERSED does not protect against the 
charactenstic circulatory changes noted after administration of succinyicholine or 
pancuronium, or against the increased intracranial pressure noted following adminis- 
tration of succinyicholine. VERSED does not cause a clinically significant change in 
dosage, onset or duration of a single intubating dose of succinyicholine 

No significant adverse interactions with commonly used premedications or drugs 
used during anesthesia and surgery (including atropine, scopolamine, glycopyrrolate, 
diazepam, hydroxyzine, d-tubocurarine, succiny!choline and nondepoiarizing 
muscle relaxants) or topical local anesthetics (including lidocaine, dyclonine HC! and 
Cetacaine) have been observed 

Drug/laboratory test interactions: Midazolam has not been shown to interfere with 
Clinical laboratory test results 

Carcinogenesis, mutagenesis, impairment of fertility. Midazolam maleate was 
administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked increase in incidence of hepatic tumors and male rats had 
a small but significant increase in benign thyroid follicular cell tumors. These tumors 
were found after chronic use, whereas human use will ordinarily be of single or several 
doses 

Midazolam did not have mutagenic activity in tests that were conducted 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human IV dose 

Pregnancy. Teratogenic effects. Pregnancy Category D. See WARNINGS section 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show evi- 
dence of teratogenicity in rabbits and rats 

Labor and delivery: Use in obstetrics has not been evaluated Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED is not rec- 
ommended for obstetrical use 

Nursing mothers: It is not known whether midazolam is excreted in human milk 
Because many drugs are excreted in human milk, caution should be exercised when 
injectable VERSED is administered to a nursing woman 

Pediatric use: Safety and effectiveness in children below the age of 18 have not been 
established 

ADVERSE REACTIONS: See WARNINGS concerning serious 

events and possible paradoxical reactions. Fiuctuations in vita! signs following 
parenteral administration were the most frequently seen findings and included 
decreased tidal volume and/or respiratory rate decrease (23.3% of patients following 
IV and 10 8% of patients following IM administration) and apnea (15.4% of patients 
following IV administration), as well as variations in blood pressure and pulse rate 
Following IM injection: headache (1.3%); local effects at IM site: pain (3.7%), induration 
(0 5%), redness (0.5%), muscle stiffness (0. 3%). Following IV administration: hic- 
coughs (3 9%), nausea (2.8%), vomiting (2.6%). coughing (1.3%), “oversedation” 
(1.6%), headache (15%), drowsiness (1.2%), local effects at the IV site: tenderness 
(5.6%), pain during injection (5.0%), redness (2.6%), induration (1.7%), phlebitis 
(0.4%). Other effects (< 1%) mainly following IV administration: Respiratory: Laryngo- 
spasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow respirations, 
airway obstruction, tachypnea. Cardiovascular: Bigeminy, premature ventricular 
contractions, vasovagal episode, tachycardia, nodal rhythm. Gastrointestinal: Acid 
taste, excessive salivation, retching. CNS/Neuromuscular: Retrograde amnesia, 
euphoria, confusion, argumentativeness, nervousness, anxiety, grogginess, restless- 
ness. emergence delirium or agitation, prolonged emergence from anesthesia, 
dreaming during emergence, sieep disturbance, insomnia, nightmares, athetoid 
movements, ataxia, dizziness, dysphoria, slurred speech, dysphonia, paresthesia 
Special Sense: Blurred vision, diplopia, nystagmus, pinpoint pupils, cyclic movements 
of eyelids, visual disturbance. difficulty focusing eyes, ears blocked, loss of balance, 
lightheadedness. integumentary: Hives, hive-like elevation at injection site. swelling 
or feeling of burning, warmth or coldness at injection site, rash, pruritus. Miscella- 
neous: Yawning, lethargy, chills, weakness, toothache, faint feeling, hematoma. 

Drug Abuse and Dependence: Available data concerning the crug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least equiv- 
alent to that of diazepam 

OVERDOSAGE: Manifestations would resemble those observed with other benzo- 
diazepines (e g., sedation, somnolence, contusion, impaired coordination. diminished 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be 
expected 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individualization of dosage. Clinical experi- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE FOR 
EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, REGARD- 
LESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single bolus 
intravenous administration may result in respiratory depression and/or arrest. 
(See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINISTRATION 
section in the complete product information 
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Dual action 
INOCOR LY. arrow 


ropie plus 
vasodila ede action 
in a single drug. 





Two-in-one action can 
improve hemodynamic response 
after cardiac surgery. 

In patients with congestive 
heart failure due to coronary 
artery disease, INOCOR LY, 
increases CI and decreases 
preload and afterload without 
increasing MVO, or significantly 
increasing risk of arrhythmias. 

Vis “an 
extremely useful tool....1 have 
been using amrinone...[for] 
inotropic support to wear 
patients from cardiopulmonary 
bypass and as a means of 
increasing [CI] in the posi- 
bypass period.”* 


Roberta Hines, M.D. 
Yale University School of Medicine 
Yale University Hospital 
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— INOCORIN 
0-In-one dual inotropic and 
vasodilator action provides 
Improved therapy for the . 
ac Surgery patient. 


W Unlike catecholamines, INOCOR Ml Unlike catecholamines, INOCOR 


does not increase MVO, and can be 
used in ischemic patients with 


heart failure. 


W Unlike catecholamines, INOCOR 
does not significantly increase risk 


does not act on the beta receptors— 
may be effectively used in patients 


on beta blockers. 


of arrhythmias (see Precautions). 


Please consult ‘ull product information betore prescribing A summary follows. 
INOCOR lactate injection, brand of amnnone lactate, represents a new class ot 
cardiac inotropic agents with vasodilator activity, distinct trom digitalis 
cosides or catecholamines 
AND USAGE (INOCOR lactate injection is indicated for the 
Short-term management of congestive heart failure in patients who can be 
Closely monitored and who have not responded adequately to digitalis, 
@uretics, and/or vasodilators) 

INOCOR lactate injection is indicated for the short-term management of 
Congestive heart failure. Because of limited experience and potential for serious 
adverse effects (see ADVERSE REACTIONS), INOCOA should be used only in 
patients who can be closely monitored and who have not responded adequately 
to digitalis, diuretics, and/or vasodilators. Although most patients have been 
Studied hemodynamically for periods only up to 24 hours, some patients were 
Studied for longer periods and demonstrated consistent hemodynamic and 
clinical effects. The duration of therapy should depend on patient 
responsiveness 
CONTRAINDICATIONS |NOCOR lactate inection is contraindicated in patients 
who are hypersensitive to it 

It is also contraindicated in those patients known to be hypersensitive to 
bisulfites 
PRECAUTIONS General: INOCOR lactate injection should not be used in 
patients with severe aortic or pulmonic valvular disease in leu of surgical relief 
of the obstruction. Like other inotropic agents, it may aggravate outflow tract 
obstruction in hypertrophic subaortic stenosis, 

During intravenous therapy with INOCOR lactate injection, blood pressure 
and heart rate sould be monitored and the “ate of infusion slowed or stopped in 
patients showing excessive decreases in blood pressure 

Patients who have recaved vigorous diuretic therapy may have insuffi 
Gent cardiac filling pressure to respond adequately to INOCOR lactate injection, 
in which case cautious liberalization of fluid and electrolyte intake may be 
indicated. 

Supraventnicular and ventricular arrhythmias have been observed in the 
very high-risk population treated. While amrinone per se has not been shown to 
be arrhythmogenic, the potential for arrhythmia, present in congestive heart 
failure itself, may be increased by any drug or combination of drugs. 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS) 

LABORATORY TESTS Fivic and electrolytes: Fluid and electrolyte changes 
and renal tunction should be carefully monitored during amrinone lactate 
therapy. Improvement in cardiac output with resultant diuresis may necessitate 
a reduction in the dose of diuretic. Potassum loss due to excessive diuresis 
may predispose digitalized patients to arrhythmias. Therefore, hypokalemia 
should be corrected by potassium supplementation in advance of or during 
amrnnone use 

DRUG INTERACTIONS In a relatively limited experience, no untoward clinical 
mandestations have been observed in patients in whom INOCOR lactate 
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myection was used concurrently with the follomng drugs digitalis glycosides. 
idocaine, quinidine, metoprolol, propranolol, hydralazine, prazosin, isosorbde 


dinitrate, nitaglycerine, chiorthalidane, ethacrynic acid, furosemide, hydrochio- 
rothiazide, spironolactone, captopril, heparin, warfarin, potassium supple- 


ments, insulm, diazepam 

One case of excessive hypotension was reported when amnnone was 
used concurrently with disopyramide 

Until aiditional experience is available, concurrent administration with 
Norpace® &zopyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended 
for use in acate myocardial infarction 
USE IN CHILDREN Safety and effectiveness in children have not been 
established. 
USE IN PREGNANCY Pregnancy category C in New Zealand white rabbits, 
amrinone has been shown to produce fetal skeletal and gross external 
maltormatiors at oral doses of 16 mg/kg and 50 mg/kg that were toxic for the 
rabbit. Studies in French Hy/Cr rabbits using oral doses up to 32 mg/kg/day did 
not confirm tws finding. No malformations were seen in rats receiving amnnone 
intravenous at the maximum dose used, 15 mg/kg/day (approximately the 
recommenced daily IV dose for patients with congestive heart failure) There are 
no adequate and well-controlled studies in pregnant women. Amrinone should 
be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus 
USE IN NUPSING MOTHERS Caution should be exercised when amrinone is 
admunisterec to nursing women, since it is not known whether it is excreted in 
human milk 
ADVERSE SEACTIONS Jhrombocytopema Intravenous INOCOR lactate 
injection resulted in platelet count reductions to below 100,000/mm? in 2 4% at 
patients 
Gastrointestinal effects: Gastrointestinal adverse reactions reported with 
INOCOR lactate injection during clinical use included nausea (1.7%), vomiting 
(0.9%). abdomina! pain (0.4%), and anorexia (0 456) 
Cardiovascular effects. Cardiovascular adverse reactions reported with 
INOCOR lactate injection include arrhythmia (3%) and hypotension (1.3%) 
Hepatic t in dogs, at IV doses between 9 mg/kg/day and 32 ma/kg/day 
amrinone showed dose-related hepatotoxicity manifested either as enzyme 
elevation or Repatic cell necrasis.or both Hepatotoxicity has been observed in 
man follow sd long-term oral dosing and has been observed, in a hmited 
expenence (C2%), following IV administration of amtinone 
Hypersensitreity There have been reports of several apparent hypersensitivity 
feactions in. gatients treated with oral amrinone for about two weeks, Signs and 
symptoms were variable bul included pencarditis, pleuritis, and ascites (one 
Case), myostis with interstitial shadowing on chest x-ray and elevated 
Sedimentation rate (one case), and vasculitis with nodular pulmonary densities, 
hypoxemia. end jaundice (one case}. The first patient died, not necessarily ot 
the possible reaction, while the last two resolved with discontinuation ot 
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(AMRINONE) 


Dual-acting therapy, 
instead of catecholamines 


E INOCOR has not been shown to 
interact with anesthetic agents. 


therapy. None of the cases were rechalienged, so attribution to amrinane is not 
certain, but possible hypersensitivity reactions should be considered in any 
patient maintained tor a prolonged penod on amrinone 

General. Additional adverse reactions observed in intravenous amnnone 
clinical studies include tever (0.9%), chest pain (0.25), and burning at the site ot 
injection (0.2%) 

IERDOSAGE Doses ot INOCOA lactate injection may produce hypotension 
because of its vasodilator effect. If this occurs, amrinone administration should 
be reduced or discontinued No specific antidote is known, but general 
measures for cwculatory support should be taken 
MANAGEMENT OF ADVERSE REACTIONS Piafele! count reductions 
Asymptomatic platelet count reduction (to less than 150,000/mm*}) may be 
reversed within one week of a decrease in drug dosage. Further, with no change 
in drug dosage, the count may stabilize at lower than predrug levels without any 
Clinical sequelae Predrug platelet counts and trequent platelet counts during 
therapy are recommended to assist in decisions regarding dosage 
Modifications, 

Should a platelet count less than 150,000/mm? occur, the following 
actions may be considered 
e Maintain total daily dose unchanged, since in some cases counts have either 

stabilized or returned to pretreatment levels 
e Decrease total daily dose 
e Discontinue amrinone if, n the clinical judgment of the physician, risk exceeds*™™ 
the potential benefit 

Gasirointestinal side effects While gastrointestinal side effects were seen 
infrequently with IV therapy, should severe or debilitating ones occur. the 
physican may wish to reduce dosage or discontinue the drug based on the 
usual benefit-to-nsk considerations 
Hepatic toxicity- in clinical experience to date with IV administration, hepato 
toxicity has rarely been observed. If acute marked alterations in liver enzymes 
occur together with clinical symptoms, suggesting an ihosyncratic hypersensi- 
tivity feaction, amrinone therapy should be promptly discontinued 

if less than marked enzyme alterations occur without clinical symptoms, 
these nonspecific changes should be evaluated on an individual basis The 
Clinician may wish to continue amrinone and reduce the dosage or discontinue 
the drug based on the usual benefit-to-nsk considerations 
HOW JED Ampuls of 20 mL sterile, clear yellow solution conta ning 
INOCOR 5 mg/mL., box of 5 (NDC 0024-0888-20). Each 1 mL contains INOCOR 
lactate equivalent to 5-mg base and 0 25 mg sodium metabisulfite in water for 
injection 
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See for yourself. 


The only surgical muscle relaxant 
free of clinically significant 
cardiovascular and histamine- 
related side effects... 

ideal for your patients, including 
those at risk.” 


yA Se is 
i IDe a ~ 2% 





see the safety for yourself. 


Free of clinically significant cardiovascular effects.* 


NORCURON® is the only surgical muscle relaxant for which no clinically significant cardiovascular effects 
were observed in clinical trials.'* In fact, even at 12 times effective doses, under halothane anesthesia, ! 
NORCURON® produced no tachycardia, aypotension, or abnormalities of cardiodynamic function. 


Cardiovascular Response to Norcuron® (vecuronium bromide) 
at 12 Times the ED,,.* CO-cardiac output 
a 7 HR-heart rate 
PMAP-pulmonary mean arterial 
pressure 
PCWP-pulmonary capillary 
wedge pressure 
SMAP.: systemic mean arterial 
pressure 
SVA-systemic vascular 
resistance 


% of Control 


* Adapted from Morris et al.’ Minutes After Administration 





Histamine release or histamine-related side effects 
unlikely to occur...even at 3.5 times the ED,,.° 


NORCURON® has not been shown to significantly affect circulating histamine, mean arterial blood 
pressure, and heart rate even in doses af the upper extreme of the recommended clinical range.*® 


The Effect of Nondepolarizing Muscle Relaxants* Percent of Control 
Drug Dose xED,. Histamine Mean Arterial Heart Rate 
(mg/kg) 
Tubocurarine 
Metocurine 
Atracurium 
Vecuronium 
Vecuronium 


* Adapted from Basta et al.5 
t0. 1 mg/kg higher than recommended dose. 
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Performance unaffected by renal function.° 


Despite administration of high doses of NORCURON®, no significant differences in onset 
time, duration of action, or recovery index have been noted between patients with and 


without renal function.’ 


Comparative indices of Neuromuscular Blockade for Patients With and Without Renal Function 
Given Equal Doses (0.14 mg/kg)* of NORCURON® (vecuronium bromide) by Bolus Injectiont 


Onset (min) 


Duration of time (min) 3 oe be 103.8+12.9 
ORTOR 104.1 +45.7 


Recovery index (min) 


@ Normal Renai Function No Renal Function 
* Although high doses of NORCURON® were used to assess its pharmacokinetics, it is recommended that the initial dose not exceed 0.08 to 0.1 mg/kg 
' Adapted from Miller et al.” 





The surgical muscle relaxant 
ideal for virtually all patients 
including those at risk. 


Norcuron’ 


vecuronium bromide) injection 





See full prescribing information on following page 





References: 1. Morris RB, et al: The cardiovascular effects of vecuronium vecuronium in cardiac surgical patients. Anesthesiology 1984; 61:A63. S. Basta 
(ORG NC 45) and pancuronium in patients undergoing coronary artery bypass Sj, etal Vecuronmum does not alter serum histamine within the clinical dose 
grafting. Anesthesiology 1983; 58:438-440, 2, Durant NN: Norcuron*—a new range. Anesthesiology 1983; 59-4273. 6. Miller RD, et al Pharmacokinetics of 
nondepolarizing neuromuscular blocking agent. Semin Anesth 1982; 1:47-56 vecuronium in patients with kidney disease, in Agoston S et al (eds): Clinical 
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alcuronium, and tubocurarine in anesthetized man. Br J Anaesth 1980; Excerpta Medica, 1983, p 124 

§2:783-787. 4. Gallo JA, et al: Hemodynamic effects of bolus injection of 
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Norcuron (vecuronium bromide) injection 
THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: NORCURON® earo peed wendy tn sg i ing neuromuscular blocking ot 
intermediate duration, chemical designated as piperidinium, 1-[(2B 3a. oe ok 17B)-3, irasait ai. 
piperidi ostan-16-yl]-1-methyl-, bromide 

_ Norcuron® is supplied as a sterile nonpyrogenic freeze-dried buffered cake ol very fine microscopic crystalline 
ticles for intravenous injection only. Following reconsiitution with solvent (water for injection) the resultant solution is iso- 
tonic and has a pH of 4. Each 5 mi vial contains 10 mg vecuronium bromide. Each vial also contains citrie acid, dibasic 
sodium n prospe sodim oxide, and/or ic acid to buffer and adjust pH and mannitol to make isotonic 
CLINI! : Norcuron® (vecuronium bromide) injection is a nondepolarizing neuromuscular 
blocking agent possessing all of the characteristic pharmacological actions of this class ot roa A lglg It acts by 
competing for cholinergic receptors at the motor end-plate. The antagonism to acetylcholine is nhibited and 
neuromuscular block is reversed by acetylcholinesterase inhibitors such as neostigmine, edropnonium, and 
pyridostigmine. Norcuron® is about ¥3 more potent than pancuronium; the duration of neuromuscular blockade 
produced by Norcuron™ is shorter than that of pancuronium at initially sa doses. The time to onset of paralysis 
decreases and the duration of maximum effect increases with increasing Norcuron® doses. The use of a peripheral 
nerve stimulator is of benelit in assessing the degree of muscular relaxation 

The EDap (dose required to produce 90% suppression of the muscle twitch response with balanced anesthesia) has 
averaged 0.057 mg/kg (0.049 to 0.062 mg/kg in various studies) An initial Norcuron® dose of 0.08 t 0 10 mg/kg 

ally produces first depression of twitch in approximately 1 minute, or excelient intubation conditions within 
5 to 3.0 minutes, and maximum neuromuscular blockade within 3 to 5 minutes of injection in most patients. Under 
balanced anesthesia, the time to recovery to 25% of control (clinical duration) is approximately 25 to 4G:zninutes alter 
injection and recovery is usually 95% complele approximately 45-65 minutes after injection of intubat'ng dose. The 
neuromuscular blocking action of Norcuron™ is slightly enhanced in the presence of potent inhalation anesthetics. If 
Norcuron® is first administered mote than 5 minutes alter the start of the inhalation of entlurane, soflurane, or 
halothane, or when steady stale has been achieved, the intubating dose of Norcuron® may be cecreased by 
oximately 15% (see E AND ADMINISTRATION section) Prior administration of succiny-choline may 
ce the Neuromuscular blocking effect of Norcuron® and its duration of action. With succinyicmoline as the 
intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® will produce complete neuromuscu at block with 
clinical ion of action of 25-30 minutes If succinylcholine is used prior to Norcuron®, the adm nistration of 
Notcuton® should be delayed until the patient starts recovering from succinytcholine-induced neuromuscular 
blockade The effect of prior use of other nondepolar zing neuromuscular blocking agents on the activity af Norcuran® 
has not been studied (see Drug interactions). 
administration of maintenance doses of Norcuron® has little of no cumulative effect on the duration of 
neuromuscular blockade Therefore, repeat doses can be administered at relatively regular intervals wiin predictable 
results. After an initial dose of 0.08 to 0.10 mg/kg under balanced anesthesia, the lirst maintenance doze (suggested 
maintenance dose is 0.010 to 0.015 mg/kg) is generally required within 25 to 40 minutes; subsequent maintenance 
doses, if required, may be administered at approximately 12 to 15 minute intervals. Halothane anesthesia ncreases the 
Clinical duration of the maintenance dose only slightly Under enflurane a maintenance dose of 0 10 mg/kg Is 
approximately equal to 0,015 og dose under anesthesia 

The recovery index (time from 25% to 75% recovery) is approximately 15-25 minutes under balanced or halothane 
anesthesia. When recovery from Norcuran® neuromuscular blocking effect begins, it proceeds more rapidly than 
recovery from pancuronium. Once spontaneous recovery has started. the neuromuscular block oroduced by 
Norcuron® is readily reversed with various anticholinesterase agents, e.g. pyridostigmine necstigmine, or 
edrophonium in conjunction with an anticholinergic agent such as atropine or glycopyrrolate There nave been ro 
reports of recurarization following satistactory reversal ol Norcuron® induced neuromuscular blockade, rapid recovery 
is a finding consistent with its short elimination half-life 

: At clinical doses of 0.04-0.10 mg/kg, 60-80% ot Norcuron® is 
usually bound to plasma protein. The distribution halt-life following a single intravenous 
dose (range 0.025-0.280 mg/kg) is soprana 4 minutes. Elimination hait-life over this 
same dosage range is approximately 65-75 minutes in healthy surgical patients and in renal 
failure patients undergoing transplant surgery. In laie pregnancy, elimination half-life may 
be shortened to approximately 35-40 minutes. The volume of distribution at state is 
approximately 300-400 ml/kg; systemic rate of clearance is approximately 3-4.5 
mi/minute/kg. In man, urine recovery of Norcuton® varies from 3-35% within 24 hours. 
Data derived trom patients requiring insertion of a T-tube in the common bile duct su 
that 25-50% of a total intravenous dose of vecuronium may be excreted in bile within 42 
hours. Only unchanged Norcuron® (vecuronium bromide) injection has been detected in 
human plasma poco Clinical use One metabolite. 3-deacety! vecuronium, nas been 
recovered in the urine of some patients in quantities that account for up to 10% of Injected 

y lyi vecuronium has also been recovered by T-lube in some patients account- 
ing for up to 25% of the injected dose 

This metabolite has been judged by animal screening (dogs and cats) to have 50% or 
more of the potency of Norcuron*; equipotent doses are of approximately the same duration 
as Norcuron® in dogs and cats. Biliary excretion accounts for about half the dase of 
Norcuron® within 7 hours in the anesthetized rat. C rculatory bypass of the liver (cat preparation) prolongs recovery 
trom Norcuron®. Limited data derived from patients with cirrhosis or cholestasis suggests thal some measurements of 
recovery may be doubled in such patients. In patients with renal failure, measurements of recovery do not diter 
significantly from similar measurements in healthy patients 

Studies involving routine hemodynamic monitoring in goad risk surgical patients reveal that the administration ot 
Norcuron® in doses up to three times that needed to oroduce clinical relaxation (0.15 mg/kg) did not produce clinically 
Signiticant changes in systolic, diastolic or mean arterial pressure. The heart rate, under similar monitor ng. remained 
unchanged in some studies and was lowered by a mean of up lo 8% in other studies. A large dose of 0.28 mg/kg 
administered during a period of no stimulation, while patients were being prepared for coronary artery bynass gralting, 
was nol associated with alterations in rale-pressure-product or pulmonary capillary wedge pressure. Systemic vascular 
resistance was lowered slightly and cardiac output was increased insignificantly (The drug has not been studied in 
Patients with hemodynamic dystunction secondary to cardiac valvular disease). Limited clinical experience (3 patients) 
with use of Norcuron® during surgery for pheochromocytoma has shown that administration of this drug is nol 
associated with changes in blood pressure or heart rate 

Unlike other nondepolarizing skeletal muscle relaxants, Norcuron™ has no awan significant effects on 
hemodynamic parameters and will not counteract those hemodynamic changes or known side effects produces by of 
associated with anesthetic agents. 

Preliminary data on histamine assay in 16 patients and available clinical experience in more than 600 patients 
indicate that hypersensitivity reactions such as bronchospasm, flushing, redness. hypotension. tachycardia, and other 
reactions commonly associated with histamine release are unlikely to occur. 

INDICATIONS USAGE: Norcuron® is indicated as an adjunct to general anesthesia. to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation 
CONTRAINDICATIONS: None known 


WARNINGS: NORCURON* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE 
COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS. 
FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY AND REVERSAL AGENTS ARE IM- 
MEDIATELY AVAILABLE THE CLINICIAN MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. In patients 
who are known to have myasthenia gravis or the myasthenic (Eaton-Lamber!) syndrome, small doses of Norcuron™ may 
have profound effects. In such patients, a peripheral nerve stimulator and use of a small test dose may we of value in 
monitoring the r to administration of muscle relaxants. 
PRECAUTIONS: Failure: Norcuron® is well-tolerated without clinically significant protongaton of neuro- 
muscular blocking effect in patients with renai failure who have been optimally prepared for surgery by d-alysis. Under 
emer y conditions in anephric patients some prolongation of neuromuscular blockade occur therelore, if 
ces pats cannol be fag for non-elective surgery, a lower initial dose ot Norcuron® should be considered 
Altered Circulation Time: Conditions associatec with slower circulation time in cardiovascular disease, old age, 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time, theretore dosage 
should not be increased. ` ; 

Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged *ecovery time 
in keeping with the role the liver plays in Norcuron® metabolism anc excretion (see Pharmacokinetics) Gata currently 
available do not permit recommendations in patients with impaired liver function 

UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE MONITORING OF 
NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTANT EXCESS DOSING 
Severe Obesity or Neuromuscular Disease: Patients with severe or neuromuscular disease may pose 
airway and/or yeon problems requiring specia! care before, during and after the use of neuromuscular blocking 

such as Norcuron® 

Aaea la: Many drugs used in anesthetic practice are suspected of being capable o! triggering a 
potentially fatal hypermetabolism ol skeletal muscle knawn as malignant hyperthermia. There are insufficient data 
bw from screening in susceptible animals (swine) to establish whether or not Norcuron™ is capable of triggering 

nant hyperthermia 

Kroon has no known effect on consciousness, the pain theshold or cerebration. Adminisirasion must be 

accompanied by adequate anesthesia 


NO 
REFRIGERATION 
REQUIRED 


Drug Interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect of 
Norcuron® (vecuronium bromide) injection and its duration of action. If succi line is used betore Norcuron®, the 
administration of Norcuron® should be delayed until the succinyicholine shows signs of wearing off. With 
Succinylcholine as the intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered enue 
Complete neuromuscular block with clinical duration of action of 25-30 minutes (see CLINICAL PHARMACOLOGY), The 
pers ents ote before succinylcholine, in order to attenuate some of the side effects of succinyicholine, has not been 
ied 

Other nondepolarizing neuromuscular boang aons (pancuronium, d-tubocurarine, metocurine, and ine) 
act in the same fashion as does Norcuron®; t è these drugs and Norcuron® may manitest an additive effect when 
used together There are insulficient data to suppor! concomitant use of Norcuron® and other competitive muscle 
relaxants in the same patient 
inhalational Anesthetics: Use of volatile inhalational anesthetics such as enflurane, isoflurane, and halothane with 
Norcuron® will enhance neuromuscular blockade. Potentiation is most prominent with use of enflurane and isoflurane. 
With the above agents the initial dose at Norcuron® may be the same as with balanced anesthesia unless the inhalational 
anesthetic has been administered for a sufficient time at a sufficient dose to have reached clinical equilibrium (see 
CUNICAL PHARMACOLOGY) 
Antibiotics: Pzrenteral/intraperitonea! administration of high doses of certain antibiotics may intensity or produce neuro- 
muscular block on their own. The following antibiotics have been associated with various degrees of paralysis: aminoglyco- 
sides (such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin), tetracyclines; bacitracin; 
polymyxin B; colistin: and sodium colistimethate. It these or ather newly introduced antibiotics are used in conjunction 
with Norcuron” during surgery. unexpected prolongation of neuromuscular block should be considered a possibility. 
Other: Experience concerning injection ot quinidine during recovery trom use of other muscle relaxants suggests that 
recurrent paralysis may occur This possibility must also be considered for Norcuron® Norcuron® induced 
neuromuscular has Deen counteracted by alkalosis and enhanced by acidosis in experimental animals (cal) 
Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical insufficiency, have 
shown to alter neuromuscular blockade Depending on the nature of the imbalance. either enhancement or inhibition 
may be expected Magnesium salts, administered tor the management of toxemia o! pregnancy, may enhance the 
neuromuscular blockade. 
/ 


Test Interactions: None known 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed 
to evaluate carcinogenic or mutagenic potential or impairment of fertility 

: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. It is also 
not known whether Norcuron® can cause fetal harm when administered to a pregnant woman or can alfect reproduction 
capacity Norcuron® should be given to a pregnant woman only if clearly needed ; 
Pediatric Use: Infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are 
moderately more sensitive to Norcuran® on a mg/kg basis than adults and take about 1¥2 times as long to recover. 
Information pre: available does not permit recommendations for usage in neonates 

: Norcuran® was well-tolerated and produced no adverse reactions during extensive clinical 

trials. The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension ol the 
drug's pharmacological action beyond the time period needed for surgery and anesthesia This may vary trom skeletal 
muscle weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insufficiency or apnea 

Inadequate reversal of the neuromuscular blockade, although not yet reported, is possible with Norcuron® as with all 
Curatiform drugs. These adverse reactions are managed by manual or mechanical ventilation until recovery is judged 
adequate. Little or no increase in intensity of blockade or Curation of action of Norcuron® is noted from the use of 
thiobarbiturates, narcotic analgesics, nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs 
used in anesthetic practice which also cause respiratory depression 
OVERDOSAGE: There has been no experience with Norcuron® aver The possibility of iatrogenic overdosage 
can be minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation 

Excessive Cases of Norcuron® can be expected to produce ppoteal sbolupeniena effects. Residual 
neuromuscular blockade beyond the time period needed for surgery and may occur with Norcuron® as with 
other neuromuscular blockers. This may be manifested by skeletal muscle weakness, Cecreased respiratory reserve, 
low tidal volume, or apnea. A peripheral nerve stimulator may be used to assess the degree 
of residual neuromuscular blockade and help to differentiate residual neuromuscular 
blockade from other causes of decreased respiratory reserve 

Respiratory depression may be due either wholly or in part to other drugs used during the 
conduct of general anesthesia such as narcotics, thiobarbiturates and other central nervous 
system depressants. Under such circumstances the primary treatment is maintenance of a 
patent airway and manual or mechanical ventilation until complete recovery of normal 
respiration 1 assured. Regonol* (pyridostigmine bromide injection) neostigmine, or 
edrophonium, in conjunction with atropine or gl rolaie will usually antagonize the 
Skeletal muscle relaxant action of Norcuron*® ry reversal can be judged by 
adequacy of skeletal muscle tone and by adequacy ol respiration A peripheral nerve 
stimulator may also be used to monitor restoration of twilch height Failure of prompt 
teversal (within 30 minutes) may occur in the presence of extreme debililation, car- 
cinomatosis, and with concomitant use of certain broad spectrum antibiotics. or anesthetic 
agents and other drugs which enhance neuromuscular blockade or cause respiratory 
depression of their own. Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade. Ventilation must be supported by artificial means until 
the patient has resumed contro! of his respiration. Prior to the use of reversal agents, 
telerence should be made to the specific package insert of the reversal agent 
DOSAGE AND ADMINISTRATION: Norcuron® (vecuronium bromide) injection is tor intravenous use only. This 
dtug should be administered by or under Ihe supervision of enced clinicians familiar with the use of 
neuromuscular blocking agents. Dosage must be individualized in each case. The dosage information which follows is 
derived from studies based upan units of drug per unit of body weight and is intended to serve as a guide only 
especially regarding enhancement of neuromuscular blockade of Norcuton® by volatile anesthetics and by prior use of 
suocinylcholine (see PRECAUTIONS /Drug Interactions), Parenteral drug products should be inspected visually for 
particulate matter and discoloration prior to administration, whenever solution and container permit : 

To obtain maximum clinical benefits ot Norcuron® and to minimize the possibility of overdosage. the monitoring ot 
Muscie twitch response to peripheral nerve stimulation is advised 

The recommended initial dose of Norcuron® is 0.08 te 0.10 mg/kg (1.4 to 1.75 times the EDgo) given as an 
intravenous bolus injection This dose can be expected lo produce good or excellent oe oe 
Conditions in 2.5 to 3.0 minutes after injection. Under balanced anesthesia, clinically required neu blockade 
lasts approximately 25-30 minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after 
injection and recovery to 95% of control achieved approximately 45-65 minutes after injection. In the presence ot potent 
inhalation anesthetics. the neuromuscular blocking effect of Norcuron® is enhanced. I! Narcuron® is first administered 
more than 5 minutes alter the star! of inhalation agent or when steady stale has been achieved, the initial Norcuran® 
dose may be reduced by approximately 15%, Le. 0.060 to 0.085 mg/kg : 

Priot administration of succinylcholine may enhance the neuromuscular blocking effect and duration of action ot 
Norcuron®. If intubation is performed using succinylcholine, a reduction of initial dose of Norcuron® to 0.04-0.06 
mg/kg with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required 

During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuran® are recommended; 
alter the initial Norcuron™ injection, the first maintenance dose will generally be required within 2510 40 minules. However, 
Clinical criteria should be used to determine the need for maintenance doses Since Norcuron® lacks clinically 
important cumulative effects. subsequent maintenance doses. if required, may be administered at relatively regular 
intervals for each patient, ranging approximately from 12 1o 15 minutes under balanced anesthesia, slightly longer under 
inhalation agents. (I! less frequent administration is desired. higher maintenance doses may be administered } 

Should there be reason for the selection ot larger doses in individual patients, initial doses ranging from 0 15 mg/kg 
up to 0.28 mg/kg have been administered during surgery under halothane anesthesia without il! effects to the 
cardiovascular being noted as long as ventilation is properly maintained (see CLINICAL PHARMACOLOGY) 
Dosage in Older children (10 to 17 years of age) have approximately the same dosage requirements 
oh diy Son phen ie food pant te ek tee 
higher initial dese and may also require supplementation slightly more often than adults. Infants under one year 
but older than 7 weeks are moderately more sensitive to Norcuron* on a mg/kg basis than adults and take about 1 
times as long to recover. See also subsection of PRECAUTIONS titled Pediatric Use. Information presently available 
Goes not permit recommendation on in neonates (see PRECAUTIONS), 

+ Norcuron® is compatible in solution with 
0.9% NaC! solution 
5% glucose in water gers 
SUPPLIED: 5 mi vials (contains 10 mg ot active ee and 5 mi ampul ot preservative-free sterile water for 
injection as the diluent, Boxes of 10 (NOC #9052-0442-1 

5 mi vials (contains 10 mg ot active ingredient) only. DILUENT (Sterile Water tor injection, USP) NOT SUPPLIED. 
Boxes of 10 (NDC #0052-0442-57) 

STORAGE: CT FROM LIGHT Store at 15°-30°C (59°-86°F). 
AFTER RECONSTITUTION: Solution may be stored in refrigerator or kept at room temperature nat to exceed 30°C 
(86°F), DISCARD SOLUTION AFTER 24 HOURS. DISCARD UNUSED 


5% glucose in saline 
Rin 


SINGLE USE VIALS. 
Manulactured for ORGANON INC. by BEN VENUE LABORATORIES. INC., Bedford, OH 44146 ISSUED 5/86 
N} ORGANON INC 
WEST ORANGE, NEW JERSEY 07052 
(© 1986 ORGANON INC ORG-8025 
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Intravenous 


NORMODYNE 


_ (labetalol HC) Injection 


Lowers critically 
blood pressure... 


high 





5 mg/mL 


promplly...smoothly... 


reliably 


m onset of response in five to ten minutes 


acan be carefully controlled 
little risk of “overshoot” 


The blood pressure should be monitored 
during and after completion of the infusion or 
intravenous injections. Rapid or excessive falls 
in either systolic or diastolic blood pressure 
during intravenous treatment should be 
avoided. In patients with excessive systolic 
hypertension, the decrease in systolic pressure 
should be used as indicator of effectiveness 

in addition to the response of the diastolic 
pressure. 


For Brief Summary, please see next page. 


m cardiac output maintained 
helps assure vital organ perfusion 


m helps prevent reflex tachycardia 
#no intra-arterial monitoring required 


m no toxic metabolite 
avoids cyanide toxicity 


m easy to administer 


Because symptomatic postural hypotension 
(incidence 58%) is likely to occur if patients are 
tilted or allowed to assume the upright position 
within three hours of intravenous administra- 
tion of labetalol, the patient's ability to tolerate 
an upright position should be established 
before permitting any ambulation. 


ane 


13072060 PRODUCT INFORMATION 


NORMODYNE” 
brand of labetalol hydrochloride 


Injection 


BRIEF SUMMARY 


INDICATIONS AND USAGE 
NORMODYNE (labetalol HCI) Injection é indicated for control of blood pressure tn severe hypertension. 


CONTRAINDICATIONS 
NORMORYNE (labessiol HOI) Injection is corsrainticete in broad ahaa, avert cardiac failure, greater than first 
degree heart block. cardiogenic shock, and severe bradycardia (See WARNINGS.) 


WARNINGS 
(Candas Faikere stimulation ts a vital component supporting leas ip Satie el ht function in congestive heart talure. 
a potential hazard of further 


Beta blockade carnes myocardial contractility and mote severe thure. 

Alduan bers blockers dood be avoided kn overt. congestive heart tlle, if necessary, leai HCl can be used wh 

SOA E pae reat tyes |g phic failure who are well-compensated. Congestive heart failure has been observed in 
HCI. Fate wh condos, any ca denea 


roe ssp 

Wier founda Fa cardiac insufficiency, continued depression ofthe 
mca wea Hin in some cases lead to cardiac failure. Badin sad 
la itear pre patients should be K h deta andor be pven a duren, and the resp 

pe a bpe ag a eigen: Aprann and Sasi. NORMODYNE (habenl BCD) 
ee 


Nomallengsc (e.g. chronic bronchitis and ema) Since NORMODYNE (labetalol HCI) Injection at 
A 9 nes has not been oin ery net with nonallergic bronchospastic disease, it should 
not in such patients. 

Pheochnomuocytorm 


ters soos bea HC) phage =e opr da eset the erapr seh ad tebeving 
symptoms in patients wit! oxchromocytoma:; esua doses may regut 
responses have been reported in a few patients with this tumor; therefore, y be egaet: Heirat. onto at“ BCI te 
Paes Mias yoii Beta-sdrenengic blockade the appearanc 

alc may t 
symptome (e, of scure hypoglycemia emia. This s espec: anketna ih a aweke Aia ciri A abo 
reduces the reles se Oin APUN wpetglvcemia, Se ee 


ac path imac pared af sien bere ticking Cs 
Secara in restarting 


rakos siriy tassa prira korebe 
anesthesia has been shown (see Drug 


Interactions) 
RTD of Blood Presnae Caution must be observed when reducing severely clevated blood pressure. Altho 
oy aro apron ot mgt wai a en e o rarae 
nerve infarction, angina ischemic changes in 
aryana: j ee] Sarjis r pranatan e 
The desired blood presure lowering therefore be acheved 
patient's starus. 


PRECAUTIONS 

General Impared Hepanc Funston may diminish metabolsen of NORMODYNE (labetalol HCI} Injecnon. 

Hypotension: postural hypotension (incidence 58%) is likely tee tie ineo are ulted or allowed 
asume the Siion within 3 hours of receiving NORMODYNE (labetale Injection. Therefore, the perienrs 
ability to tolerare an Eon Oe cass oni aai N hasbeen mead 

Jaundice or Hepestu: On rare occasions, oral labetalol has been asoctated with jaundice (both hepatic and 
cholestatic). Ir is therefore recommended that treatment wth labetalol HCI be stopped immediately, should a patier= 
develop jaundice or laboratory evidence of liver injury. Both have been shown to be reversible an stopping therapy 


Information for Patients 
The following nformanon is mtended to aid in the safe and effective use of this medication. It is not a dischosure af all 
possible adverse or intended effects. and immediately following (for up to 3 hours) N NE Injections the 
race Ho ei sie Subsequently, the patient should be advised an how to proceed gradually to become 
chaerved a the time of in amtulation, Sood PA 
When patient is started on ene adequate controlo DOG pressure 
NORMODYNE ict serene Cees fet teens OF dosage should be provided. (See DOSAGE AND 


As with all drugs with beta-block vents being treated with labetalol HCI is warrarsed 
Ermer erent be n ion of anana pectoris) has been reported with 


a g peg NE Terr houli nor be ered Irsemagied or disecsitieaed withaus a piyaicania avice 
MA CE MODING Tipah mulliconmi «pcan a of impending candiac falawe. 
Al asap gmat nc usually when ORMODYNE abiens a initiated (vee ADVERSE 


ivity, Certain adeice to 


Laboratory Tests 
Routine laboratory tests are ordinarily not required before of after intravenous labetalol HCL In patients with concomitant 
illnesses, such as impaired renal function, appropriate tests should be done to monitor these conditions. 


Drug Interactions 
oraraa a iia ilabetalol HCI) Vicugna bes be administered to already being treated with other 
careful monitoring of these patients is necessary to detect ancatreat 


administrate, 

In one survey, 2.3% of patients taking labetalol HCI orale in combination with tncyelic antidepressants ts experienced 
tremor as compared to 0. repeated oo accu Weis labelo HCI alone Ta OE each EE o ee 
ahyene reaction a vninown b the eran eid Sy ba seein tee eee oie 

Possessing ing properties can t dupin 
winapi BE pean and m at Sn rae may 


shown to increase the bioavailabilæy of labetalol HC! administered orally. Since this couldite 
ed absorption or by an alteration of hepatic metabolism of Of labetalol HCI, special cate shoald be 
required for pressure control in such paniens. 
Sneum has anipun keeren saar ief ti yapoe intravenously administered labetalol HCL During 
controlled hypotensive labetalol HCI in asociation with halothane, high concentrations (3% or atove! ot 
alahane ea pet be aed veh reef pecs will be ve and fetan because of the possibility of alange 
eee pen are anesthesiologist should be informed whes a 


renal hres toe ole echoed gestions lycerin without preventing its hypotensive effect. 1 
weitere ce ts ional antihypertensive effec haz od ae 


rome prr dar bea shore 
used in wee toda the dose 


when measured by a nonspecific trihydroxyindole (THI) reaction. In screening patients ted of having a pheochromo- 
cytorna and being treated with aberalol HCI, specific radimenzymatic or hi ae 7 

por ego aasan piap rena el msg DAE A ites. ad 
Carcinogenesis, 


Mutagenesis, Impairment of Fertility 
Loner ores Voina ani O Web Bie HO fee Bakea E nhan ea 
caranogenesis using assays in rats mic expoung microorm isms 
according to modified Ames tesis, showed no evidence of mutagenesis A s — 


Nonteratogenic Effects 
re nr anh fener nc he oe 
to rats dunng late gestation 
identi inate ncn ANA 


Labor and Delivery 
Labetalol HCI given to pregnant women with hypertension did not appear to affect the wual course of labor and delivery. 


Saf aba ayn 
eraai when NORMODYN 


Pediatric Use 
Safety and effectiveness in children have not been established. 


pregnancy did net appear n be adversely 
ee rt A to Stimes 


0.004% of the maternal dose) are excreted in human milk. Caution would be 
HOI) Injector i administered to a nuning woman. 


ADVERSE REACTIONS 
E (inbetaal HCI) Inprerion is umally well nolec. (nscale pi vwa para eae piace eeka 
HCI withdrawal 


Nas pox in 40f 100 
The following alo Were ved wid are Spec anei 
Cardinancular System Ventricular arthythmia in 
Cooled tevied Nowe oe: tingling of the scalp/skin 7; hypoesthesia (numbness), and vertigo 


leach 

Gastromtestinal System Nausea in 13; vomiting 4; dyspepsia and taste distortion, | each. 

these et ee noe a T per 
were ashen! wi m in patents 

Prchaare Doorden Somnolence/yaenifg in 3. Ving 
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ocutancous syndrome soci with the beta-blocker practolol has not been reported with labetalol HCI 
ags men ant a ae h NORMOONN' 

Clinical laboratory tests: Among patients dosed with JE (labetalol HCI) Tablets. there have been reversible 
increases of serum transaminases in 4% of patients tested, and more rarely, reversible mereases in urea. 


OVERDOSAGE 
Overdosage with NORMODYNE (labetalol HCI) causes excessive hypotension thar is posture sensitive, and 
Parents should be pine ned dhels lps aiei E wecemery wo INO the blood 


lavage or slogically 
a p L en gi rirnan pinra 
should be employed = Es ne or epinephrine. Cardis 


epinephrine andi 3 
In severe beta- Bicker ovenices sutokang fx Dyponenibivaridlor ardia, 
when admimistered in large doses (5 to 10 mg rapidly over 30 seconds, followed by continuow infusion of $ mg/hr rhat can 
be reduced as the panent improves). 
Neither hemodialysis nor peritoneal dialysis removes a significant amount of labetalol HCI from the general circulation 


The oral LD value of labetalol HCI in the mouse is approximately 600 mg/kg and in the mr s greater than 2 gkg The 
in these species is 50 to 60 mg/ke. 


INDVIDUAT ED Aae i eon the severity tension and the response of the patient during dosing. 

fall in blood stn shale Tone poche inp tolerate > uah 
Poonia aonda : ty to an t 

should be ambulation, such as using toilet toiles facilities, 

arik poaae ga amata of NORMODYNE Injection may be used: a) repeated intravenous injections, 

Ul ow cones mons eee 


Repeated Intravenous Injectum: Initially, NORMODYNE (labetalol HCI) Injection should be given in a dose of 20 mg 
labetalol HCL (nich catepnah , 25 mg/kg for an 80 ky patient) by slow intravenous injection over a two-minute period. 

Immediately before the injection and at five and ten minutes after injection, supine blood presure should be measured to 
evaluate response. Additional m; sinh bed 6 AO ba e PO ig can he Se oth tree terval vl a Gee ane Ot 
[yactaninde preccde atrial injected. The maximum effect usually occurs within 

minutes of each jection. 

Slow Conemascnes Infusion. Sib eal for intravenous continuous mfuson by 
itoring the cence wah Coveney eo sects NN (ere NO): Examples of methods of preparing the infusion 


The contents of either two 20 ml vials (40 ml), ve one 40 mil vial, are added to 160 ml of a commonly used intravenous 
fluid such thes ché reultan 200 mi of sohutan contains 200 mg of aberalol HCI, 1 my’ml. The dilured solution should 
be administered at a rate of 2 ml/min to deliver 2 mg 
ge omen Se er pay ogangan- (Oral, or one 40 ml vial, Sf NORMOOVNE: (beanies HEY 
Injection are added to 250 ml of a commonly wed intravenous fluid. The resultant solution will contain 200 
tcl A sept 2 2 mg} ml. The diluted solution should be administered ar a rate of } ml/min to tle 


Fe cae of Taichi aay hedge nacintiig ta We Md pean wags at the discretion of 
the tan. To tacilitate a desired rate of infusion, the diluted solution can be infused using a controlled administration 
mec! eh burette or powered driven infusion 

Since the half life of labetalol is 5 to 8 hours, steady-state blood levels (in the face of a constant rate of infusion) would 
not be reached during the usual infusion time The infusion should be continued until a satisfactory response is 
obtained and should then be and oral al Aana rye The effective intravenous dose ss usually in 


the #50 ty 200 mg. A Does poe deceit may be some panents. 
Bod Persai Mondana: The poin dapra be aki ea cmon fh hanno 
intravenous Inject) 


sca ts apaalic prika Lodd be aed S 


recommended inmal dose is 200 mg, followed in 6-12 hours by an 
pressure response. Thereafter, mpanent atrarem with NORMODYNE (lahetalel HCI) Tabket may proceed w toll 


Inpatient Titration Instructions 
Regimen Daily Dise” 
200 mg bid 400 me 
400 ing bid 800 me 
BOO mg bad 1600 me 
1200 mg bad 2400 me 


* lf needed, the tocal daily dose may be given un three divided doses. 
Fl rakiga a a the dosage of NORMODYNE Tablets may be increased at one day intervals to achieve the desired 


vod pressure 
Fue titration or maintenance dosing see NORMODYNE Tablets Product Information DOSAGE 
AND TRATION for additunal recommendations. oe 


‘Companbality with commonly wed intravenous fluads 
Pea ak peas SAS be inspected visually for particulate matter and discoloration priot te: administration, 
ion and con 
NORMODYNE (lubetalol HCD Injection was tested for compatibility with commonly used intravenous fluids at final 
norane 1.25 mg to 3.75 my labetalol HCI per ml of the mixture. NORMODYNE Injection wa found to be 
ia ae ie 24 houn of at room temperature) in mixtures with the following solutions: 


5% Dex Fal 
0.9% Sodium ce cn, USP 


HOW SUPPLIED 

NORMODYNE (labetalol HCI) Injection, 5 midi bodes supplied in 20 ml (100 mg) (NDC-0085.0362-07) and 40 mi 
(200 mg) (NDC-2085-0362-06) multidose vials, ofl 

Store berween 2° and 30°C (36° and 86°F). Do not freeze. 
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Revised 10/86 
Copyright © 1984, 1985. 1906. Key Pharmaceuticals. Inc. All rights reserved 


NR-60614309403 


ANESTH ANALG 99 
1988;67:99-106 





Antihypertensive Mechanism of Ketanserin in Postoperative 
Hypertension After Cardiopulmonary Bypass 


Christian Anger, Mp, John A. Carter, MB, BS, FFARCS, and 


Cedric Prys-Roberts, DM, PhD, FFARCS, FFARACS 








ANGER C, CARTER JA, PRYS-ROBERTS C. 
Antihypertensive mechanism of ketanserin in 
postoperative hypertension after cardiopulmonary bypass. 
Anesth Analg 1987;67:99-106. 


The effect of ketanserin (0.15 mg/kg followed by an infusion 
at 6 my/hr) was studied in 13 patients who developed 
hypertension (blood pressure > 150/90 mm He) after 
cardiopulmonary bypass (CPB) for coronary artery bypass 
grafting. Eleven patients responded to ketanserin with a 
decrease of arterial pressure from 159 + 15/83 + 10 mm Hg 
to 131 + 9/70 + 12 mm Hg (P < 0.01), which was 
sustained during the subsequent infusion of ketanserin. 
Mean plasma ketanserin concentrations were maintained at 
187 pg/L (range 118-525). No significant changes in 
plasma levels of 5-hydroxyindoles or in platelet 5- 
hydroxytryptamine content were observed during or after 


CPB, or after administration of ketanserin. Plasma epi- 
nephrine (398 + 124 pg/ml) and norepinephrine (1161 + 
673 pg/ml) concentrations were markedly increased during 
the hypertensive period after CPB. Plasma epinephrine con- 
centrations decreased (P < 0.01) during ketanserin infusion 
to 213 + 101 pg/ml, whereas plasma norepinephrine con- 
centrations did not change. The pressor response to three 
graded doses of phenylephrine was decreased during CPB (P 
< 0.01), and a further decrease (P < 0.05) occurred during 
infusion of ketanserin. The hypotensive effect of ketanserin 
after CPB may be attributable to alpha,-adrenoceptor block- 
ade rather than to its antiserotoninergic effect. Serotonin does 
not appear to be involved in the short-term disturbances of 
arterial pressure during or after CPB. 


Key Words: SEROTONIN—ketanserin. 
PHARMACOLOGY—ketanserin. ANESTHESIA, 
CARDIOVASCULAR—ketanserin, 








It has been known for more than a century that when 
blood coagulates its serum exhibits vasoconstrictive 
properties. In 1948, Maurice Rapport (1) identified the 
vasoconstrictor substance as being 5-hydroxytrypta- 
mine and named it, accordingly, serotonin. 

Serotonin has been implicated as an etiologic factor 
in the pathophysiology of hypertension (2), and 
specific serotonin antagonists such as ketanserin 
have been investigated as antihypertensive drugs (3). 
Hypertension is common after cardiopulmonary by- 
pass for myocardial revascularization (4-6), and a 
number of factors have been implicated (7-12). Van 
der Starre et al. (13) found that ketanserin lowered 
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arterial pressure in patients after coronary bypass 
surgery. Although ketanserin has been shown to 
exert both serotonin and alpha,-adrenoceptor antag- 
onism (14), the title of the paper by Van der Starre et 
al. (13) implied that the hypotensive effect of the drug 
was related to antiserotoninergic properties. In a 
previous publication (15), we showed that there were 
no significant changes of plasma 5-hydroxyindoles or 
platelet 5-hydroxytryptamine during or after coro- 
nary artery surgery. We have therefore investigated 
the antihypertensive mechanism of ketanserin in 
patients after coronary artery bypass surgery. 


Methods 


Thirteen patients undergoing cardiopulmonary by- 
pass (CPB) for coronary artery bypass grafting 
(CABG) were investigated. The patients’ ages ranged 
from 46 to 75 years (mean 56), and their weights 
ranged from 60.2 to 88.5 kg (mean 73.6). The study 
was approved by the Ethics Committee of the Bristol 


100 ANESTH ANALG 
1988:67:99--106 


and Weston Health District, and by the Committee 
on the Safety of Medicines (United Kingdom). All 
patients consented to the study after a full explana- 
tion of the procedures. 

All patients continued to receive their normal 
medication up to and including the morning of sur- 
gery. None was receiving any medication that would 
have interfered with serotonin uptake or metabolism 
(e.g., MAO-inhibitors, tricyclic antidepressants, re- 
serpine, benzoquinolizines, biguanidines, ergot alka- 
loids, methysergide, or 5-HT antagonists). Premedi- 
cation consisted of papaveretum 15-20 mg and 
hyoscine 0.3-0.4 mg IM. Anesthesia was induced 
with phenoperidine 2-4 mg or fentanyl 5-10 pg/kg 
and thiopental according to clinical requirements. 
After muscle relaxation with pancuronium bromide 
(0.15 mg/kg), patients were intubated and mechani- 
cally ventilated initially with 50% nitrous oxide in 
oxygen. Inspiratory oxygen concentration was further 
adjusted according to clinical requirements and re- 
peated blood gas analysis. Anesthesia was maintained 
by incremental doses of phenoperidine (2-4 mg/hr) or 
an infusion of fentanyl at 15 ug - kg '- hr '. 

Monitoring included ECG, central venous pres- 
sure (CVP), arterial blood pressure (BP) by cannula- 
tion of the radial artery and, after CPB, left atrial 
pressure (LAP). After heparinization, CPB wes 
started using a nonpulsatile roller pump and a dis- 
posable bubble or membrane oxygenator. The calcu- 
lated flow rate was scaled to 2.4 L-m 7 and the 
extracorporeal system was primed with 2-2.5 L of 
Hartmann’s solution. Infusion of cardioplegic solu- 
tion in the aortic root immediately after aortic cross- 
clamping and intermittently during CPB was carried 
out for myocardial protection. Patients’ temperatures 
were cooled to 25-27°C during extracorporeal circu- 
lation and rewarmed to 37°C at its end. Protamine 
sulfate was used for neutralization of heparin at the 
termination of CPB. 

Postoperatively, all patients were transferred to 
the cardiac care unit, kept intubated, and ventilated 
with an appropriate inspiratory oxygen concentra- 
tion. During early recovery all patients had blood 
pressure > 150/90 mm Hg and were given a single 
injection of 0.15 mg/kg ketanserin sustained by an 
infusion of 6 mg/hr over 30 minutes. 

The pressor responses to single doses of phenyl- 
ephrine (15, 30, and 45 ug) were studied before CPB, 
after CPB, and during infusion of ketanserin pro- 
vided there was: 


1. good left ventricular function not requiring sup- 
port by positive inotropic drugs and/or vascular 
resistance reduction by sodium nitroprusside; 
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2. a normal left atrial pressure; 

3. no cardiac arrhythmia; 

4. no evidence of myocardial ischemia in the ECG 
(lead CM 5); 

5. arterial pressure in an acceptable range (systolic 
BP < 120 mm Hg and diastolic BP < 80 mm Hg). 


The three doses of phenylephrine, an alpha,- 
adrenoceptor agonist, were selected after experience 
of their use in other clinical circumstances. The in- 
crease of systolic arterial pressure induced by the 
maximum dose of phenylephrine (45 ag) was less 
than that normally observed in response to surgical 
stimuli such as sternotomy, and had not previously 
been shown to cause myocardial ischemia. 

One or 2 days before surgery a baseline venous 
blood sample (PRO) was taken during the early 
morning from a forearm vein. During and after 
surgery, blood samples were collected from a central 
venous catheter at the following times: before cardio- 
pulmonary bypass (BB), after 5 minutes on bypass 
(B1), after 60 minutes on bypass (B2), after bypass, 10 
minutes after the administration of protamine sulfate 
(PB), postoperatively, immediately after arrival in the 
cardiac unit (PO), before injection of ketanserin (BK), 
and during infusion of ketanserin for 5, 10, 20, and 30 
minutes (K5, K10, K20, and K30). Blood samples 
were stored on ice and centrifuged at 4°C within 30 
minutes. The platelet-rich plasma supernatant was 
centrifuged at high speed to separate platelets from 
plasma, and both pellet and plasma sample were 
immediately frozen in liquid nitrogen. An aliquot of 
each was analyzed for platelet count. 

Serotonin was assayed by a modification of the 
spectrofluorimetric assay of Drummond and Gordon. 
We have described sample preparation and modifica- 
tion of the assay in detail elsewhere (15). Because the 
spectrofluorimetric assay does not allow discrimina- 
tion between the main circulating precursor 5- 
hydroxytryptophan and 5-hydroxytryptamine (5- 
HT), nor the main metabolite 5-hydroxyindole acetic 
acid, plasma serotonin concentrations are therefore 
expressed as nanograms of 5-hydroxyindoles (5-HI) 
per milliliter of plasma. Platelets contain only 5-HT, 
and their contents are expressed as nanograms of 
5-HT per 2 x 10° platelets. Plasma levels of epineph- 
rine and norepinephrine were assayed by normal- 
phase high pressure liquid chromatography (HPLC) 
with electrochemical (16) detection. The lowest limits 
of detection were 21 pg/ml (coefficient of variation 
7.6% at 200 pg/ml for norepinephrine and 42 pg/ml 
(coefficient of variation 6.5%) for epinephrine. Plasma 
ketanserin concentrations (BK) to K30) were assayed 
by HPLC with fluorimetric detection (17). 
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Figure 1. Changes in systolic and diastolic blood pressure after a 
single IV injection of ketanserin sustained by an infusion of 
ketanserin in patients with postoperative hypertension (mean + 
SEM). *P < 0.05, *P < 0.01 as compared with before injection of 
ketanserin. For abbreviations of episodes see text. 


Statistical analysis was performed using the Fried- 
man test and the test of Wilcoxon and Wilcox for 
paired samples; P < 0.05 was considered statistically 
significant. All results are expressed as mean + sp. 


Results 


Anesthetic time averaged 397 minutes (range 280 to 
460). Total perfusion time ranged from 114 to 187 
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Figure 2. Plasma 5-HI concentrations ~ 140 
(mean + sem) before, during, and after 7 
CPB. **P < 0.05, **P < 0.01 as compared E€ 

with values before CPB. (@) Uncorrected a 120 
data; (O) corrected for hemodilution. For S 
abbreviations of episodes see text. = 
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minutes with an average of 150 minutes. The mini- 
mum number of coronary artery bypass grafts per- 
formed as two (one sequential); the maximum was 
five grafts. All patients were receiving either beta- 
adrenoceptor antagonists (propranolol, three pa- 
tients; atenolol, four patients) and/or calcium-channel 
blockers (nifedipine, seven patients; verapamil, four 
pétients). 

Every patient had an increase of systolic blood 
pressure to 150 mm Hg or higher during early recov- 
ery. The IV injection of 0.15 mg/kg ketanserin sus- 
tained by an infusion of 6 mg/hr over 30 minutes 
resulted in a significant decrease of systolic and 
diastolic arterial pressures in 11 patients from 159 + 
15/83 + 10 mm Hg to 131 + 9/70 + 12 mm Hg, but 
failed to do so in two patients, one of whom had a 
krown history of hypertension since 1980. Blood 
pressure decreased rapidly after the initial ketanserin 
dese and was maintained in a clinically acceptable 
range during the 30-minute infusion period, with a 
slight increase thereafter (Fig. 1). 

Heart rate and left atrial pressure decreased 
slightly during infusion of ketanserin (87 + 10 to 81 + 
12 beats/min and 11.6 + 5.0 to 9.3 + 4.8 mm Hg, 
respectively), with the latter reaching statistical sig- 
nicicance after 10 minutes of infusion. The baseline 
plasma 5-HI concentrations ranged between 70 and 
250 ng/ml (mean 166). The decrease in 5-HI levels 
before bypass below baseline levels was due to vol- 
ume replacement during anesthesia. There was a 
significant decrease of plasma 5-HI concentrations 
during bypass that, when corrected for the pump | 
priming volume, was no longer significantly different 
from the levels seen before bypass (Fig. 2). 

At the same time there was an increase in platelet 
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5-HT content from 241 + 103 ng per 2 x 10° platelets 
before bypass to 345 + 227 ng per 2 x 10" platelets 
during CPB (not significant). After the administration 
of protamine sulfate, platelet 5-HT content returned 
to levels not significantly different from those seen 
before bypass (Fig. 3). Plasma 5-HI concentration was 
also similar to prebypass levels during early recovery 
and no significant change could be observed, nor was 
there a significant correlation between plasma 5-1 
concentration and either systolic or diastolic blood 
pressure. Plasma 5-HI levels were not affected >v 
infusion of ketanserin (Fig. 2). 

By contrast, plasma norepinephrine and epineph- 
rine concentrations were very high postoperatively 
(1161 + 673 pg/ml and 398 + 124 pg/ml), though with 
a wide distribution of individual values (Fig. 4). No 
significant changes in norepinephrine levels occurred 
during the 30-minute infusion of ketanserin, whereas 
plasma epinephrine concentrations significantly de- 
creased to (213 + 107 pg/ml) during infusion cf 
ketanserin (Fig. 5). 

According to our entry criteria, a phenylephrine 
dose-response study could only be performed in 
seven patients postoperatively; high arterial pres- 
sure, cardiac arrhythmias, or impaired ventricular 
performance occurred in the other six patients. The 
increase of systolic BP to the three doses of pheny - 
ephrine was significantly less after bypass at the 5(- 
and 40-ug doses (Fig. 6). During infusion of ketanse- 
rin there was a further decrease in the systolic 
BP response to phenylephrine that was significert 
after the 30-ug dose, but not after the 15- and 45-u3 
doses. 

Mean plasma ketanserin concentrations ranged 
from 93 to 334 pg/L (mean 206) after the initel 
injection and 5-minute infusion of ketanserin. Atter 
30 minutes of infusion of ketanserin, plasma concer- 
trations ranged from 118 to 535 ug/L (mean 187). 
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Figure 3. Platelet 5-HT content (mean + 
seM) before, during, and after CPB. For 
abbreviations of episodes see text. 
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Discussion 

Postoperativ e hypertension after myocardial revascu- 
ae is a frequently encountered problem (5-7) 
and is, in general, due to a marked increase in 
aha h vascular resistance (4). Plasma levels of 
endogenous vasopressors such as norepinephrine, 
vasopressin (ADH), and angiotensin II have been 
found to be exceedingly high after cardiopulmonary 


3500 


3000 


2500 


2000 


1500 


1000 


PLASMA NOREPINEPHRINE ( pg.mi™! ) 


500 





BK Ks Kio K20 K3ọ 


Figure 4. Norepinephrine concentrations during early recovery, 
before, and during infusion of ketanserin. Mean values indicated 
by horizontal lines. For abbreviations of episodes see text. 
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Figure 5. Epinephrine concentrations during early recovery, be- 
fore, and during infusion of ketanserin. Mean values indicated by 
horizontal lines. *P < 0.05, **P < 0.01 as compared with before 
injection of ketanserin. Abbreviations as in Fig. 4. 


bypass and during early recovery (8-12). Our find- 
ings of very high plasma norepinephrine and epi- 
nephrine concentrations during early recovery con- 
firm this phenomenon. 

Like Van der Starre et al. (13) and Miranda et al. 


_ (14), we found that ketanserin significantly decreased 


systolic and diastolic blood pressure in patients re- 
covery from myocardial revascularization. Arterial 
pressure was maintained in a clinically acceptable 
range by the sustained infusion of ketanserin. Two of 
our 13 patients did not respond to ketanserin and an 
infusion of sodium nitroprusside had to be started. 
Griffiths and Whitwam (18) observed a lower mean 
arterial systolic pressure 15 minutes after starting an 


infusion of ketanserin (60 ug- kg™! - hr™t) before 


cardiopulmonary bypass and a lower mean systolic 
and diastolic pressure immediately after bypass, but 
not during the following hours or during the time of 
bypass. Many studies in humans, patients and vol- 
unteers have shown a blood pressure lowering effect 
of ketanserin (2,3,18-23). However, the implication 
that ketanserin is a valuable tool for the investigation 
of 5-hydroxytryptamine—induced pathology is not yet 
supported by reliable evidence. 

In vitro studies have shown that ketanserin exerts 
alpha-adrenoceptor antagonist activity in a concen- 
tration five times that required to block 5-HT, recep- 
tors (24,25). Wenting et al. (2) were unable to observe 
a shift of the phenylephrine dose-response curve up 
to doses of 100 ug, measured as an increase in mean 
arterial pressure, after an intravenous injection of 10 
mg ketanserin, sustained by an infusion of 2 mg/hr. 
However, they found the antihypertensive effect of 
ketanserin blunted by pretreatment with prazosin, an 
alpha,-adrenoceptor antagonist, in patients with es- 
sential hypertension (19). Others have shown a sig- 
nificant decrease of the pressor response to methoxa- 
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Figure 6. Pressor responses to phenylephrine before and after 
cardiopulmonary bypass (left panel, n = 7), and before and during 
infusion of ketanserin (right panel, n = 7) (mean + sp; *P < 0.05, 
*F < 0.01). (@) pre-bypass; (O) post-bypass; (A) pre-ketanserin; 
(A) post-ketanserin. 


mne both in patients and healthy volunteers given 40 
mz ketanserin orally twice daily (20) or 0.15 mg/kg IV 
(3,20). Other data suggest that alpha,-adrenoceptor 
blockade occurs in humans with the doses of ketan- 
serin used clinically (26). 

Griffiths and Whitwam performed repeated nor- 
epinephrine dose-responses in patients during car- 
diopulmonary bypass and found a marked reduction 
in the effect of norepinephrine after ketanserin, 
waich was highly significant at all three dose levels 
(27). Plasma ketanserin concentrations of 90 ug/L 
were shown to shift the response to methoxamine 
significantly to the right, indicating alpha;-adreno- 
ceptor blockade (20). Plasma ketanserin concentra- 
tions in our study were well above this level through- 
out the infusion. 

In animal studies, the antihypertensive effect of 
ketanserin occurred in doses that block alpha,- 
receptors, but not at lower doses that block serotonin 
receptors (28-30). The antihypertensive effect of ke- 
tanserin in the rat is probably due to antagonism of 
vascular alpha,-adrenoceptors (30). More specific se- 
rotonin antagonists, which do not block alpha- 
acrenoceptors in vivo, do not lower blood pressure; 
ard the reduction in blood pressure produced by a 
series of serotonin receptor antagonists correlated 
with their ability to block alpha,-adrenoceptors, but 
not 5-HT>-receptors (31,32). Increased plasma 5-HT 
concentration released from damaged platelets has 
been suggested to be the cause (13,14). However, we 
have found no significant changes in either plasma 
levels of 5-hydroxyindoles or in platelet 5-hy- 
droxytryptamine concentrations at any time after 
bypass either in this or in our previous study (15). 
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In the present study we found plasma 5-HI con- 
centrations decreased significantly during the time of 
bypass (Fig. 2), reflecting the effect of hemodilution. 
because when corrected for the pump priming vol- 
ume, the concentrations were not significantly dif- 
ferent from the prebypass values. Shida et al. (334 
measured plasma serotonin concentrations of the 
order of 240 + 40 ngml before CPB, which decreased 
to 120 + 50 ng/ml during the time of bypass and to 
130 + 40 ng/ml during surface-induced deep hypo- 
thermia. They found plasma serotonin levels de- 
creased significantly during extracorporeal circula- 
tion, even when corrected for 25% hemodilution, and 
also during deep hypothermia, but found no signifi- 
cant difference in plasma serotonin concentrations in 
patients with or without postoperative low cardiac 
output syndrome or pulmonary hypertension. 

Cashman et al. (23) measured plasma 5-HI concen- 
trations of the order of 157 to 252 ng/ml before 
sternotomy and found no significant change for up te 
10 minutes after sternal spread. Shuttleworth and 
O’Brien (34), also using a fluorimetric assay, found 
mean plasma 5-HI levels to increase with age from 73 
ng/ml in 20- to 29-year-old patients to 126 ngml in 60- 
to 69-year-old subjects. We found plasma 5-HI con- 
centrations of 166+60 ng/ml preoperatively and 136 + 
40 ng/ml before CPB, which decreased to 97 + & 
ng/ml during CPB. 

We found no significant differences in plasma 5-H_ 
and platelet-bound 5-HT between patients with o7 
without postoperative hypertension, nor could we 
find a significantly correlation between plasma 5-H_ 
concentration and either systolic or diastolic blooc 
pressure. Up to 3 hours postoperatively we observed 
no significant changes in plasma 5-HI levels or plate- 
let 5-HT content as compared with baseline; Shida e: 
al. (33) also found no significant changes in plasma 
serotonin concentrations for up to 3 days postopera- 
tively. The vasomotor response to free plasma sero- 
tonin is dependent on mediators such as prostacyclin 
and thromboxane A, which are synthesized in the 
endothelial cell. It has been suggested that the re- 
sponse to 5-hydroxytryptamine is the net result of a 
direct contractile action on smooth muscle and an 
inhibitory action mediated by the endothelium 
(35,36). The existence of a “physiologic” level of free 
plasma serotonin is very much in question and does 
not seem to underly any feedback control (37,38) 

During CPB, platelet 5-HT content increased (Fig 
3), as shown in our previous study (15). The relatively 
large amounts of platelet-bound 5-HT detected in on> 
assay have been discussed elsewhere. Although 
Parbtani et al. (39) state that when handled properly 
the amount of 5-HT in platelets does not change for 
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hours, and though Lingjaerde (40) recommends cen- 
trifuging samples at room temperature, serotonin 
efflux from platelets is highly temperature depen- 
dent. Our samples were centrifuged at 4°C immedi- 
ately, which may in part account for the differences 
between our data and those reported by others. 
Almost all circulating 5-hydroxytryptamine is con- 
tained within platelets (36,41) and free plasma 
5-hydroxytryptamine is avidly taken up by the 
surrounding endothelial cells and platelets. Seques- 
tration of platelets occurs during CPB and most of 
them are returned into the circulation of up to 2 hours 
after extracorporeal circulation (42). Depending on 
the type of oxygenator used and the effect of the 
suction systems, 70-95% of platelet sequestration is 
reversible (33). Postoperatively, platelet 5-HT levels 
decreased in our patients to about prebypass levels, 
consistent with platelet aggregation, probably at the 
sites of injury. 

Vascular responsiveness to alpha-adrenergic stim- 
ulation was significantly decreased after cardiopul- 
monary bypass as shown by the decreased pressor 
response to phenylephrine, in agreement with recent 
findings (43). We found a decreased pressor response 
to phenylephrine during infusion of ketanserin (Fig. 
6). Griffiths and Whitwam (27) found the increase in 
mean arterial pressure after 100, 200, and 300 pg 
phenylephrine to be less after ketanserin when given 
during cardiopulmonary bypass, but the comparable 
responses were not statistically significant from their 
control values (27). However, the same authors 
showed a highly significant reduction in the effect of 
norepinephrine on mean arterial pressure after ad- 
ministration of ketanserin into the perfusion system, 
indicating alpha-adrenoceptor blockade (18). 

A surprising finding was the decrease of plasma 
epinephrine levels, but not norepinephrine levels, 
after a 10-minute infusion of ketanserin (Fig. 5). 
Given that the hypotensive effect of ketanserin in 
these patients cannot be explained totally on the basis 
of either the antiserotoninergic effect or the alpha,- 
adrenoceptor antagonism, we question whether the 
reduction in plasma epinephrine could account for 
the mild antihypertensive response. 

We did not measure cardiac output in our patients 
and thus were not able to calculate systemic vascular 
resistance. Left atrial pressure decreased during infu- 
sion of ketanserin and heart rate also decreased 
during infusion of ketanserin, an observation made 
by many (20-22,26), though not by all investigators 
(3,19). 

In conclusion, in the presence of arterial hyperten- 
sion after CPB, the injection of 0.15 mg/kg ketanserin 
resulted in a significant reduction of systolic and 
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diastolic blood pressures, which was maintained in 
an acceptable range by an infusion of 6 mg/hr ketan- 
serin. The hypotensive effect of ketanserin after in- 
travenous injection could be accounted for by alpha,- 
adrenoceptor blockade. Plasma serotonin did not 
appear to be involved in the short-term regulation of 
cardiovascular homeostasis during and after cardio- 
pulmonary bypass, which was associated with de- 
creased vascular responsiveness to alpha-adreno- 
ceptor stimulation. 
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Cardiac Electrophysiologic Effects of Lidocaine and Bupivacaine 


R. A. Moller, PhD and B. G. Covino, PhD, MD 


MOLLER RA, COVINO BG. Cardiac electrophysiologic 
effects of lidocaine and bupivacaine. Anesth Analg 
1988;67:107-14. 


The cardiac electrophysiologic effects of bupivacaine (B) and 
lidocaine (L) were evaluated in an isolated rabbit Purkinje 
fiber-ventricular muscle model to determine the effects of a) 
progressively increasing and b) decreasing concentrations of 
B and L on transmembrane action potentials. Bupivacaine 
(3 and 5 pg/ml) signifcantly decreased diastolic resting 
potential, maximum rate of depolarization, and action 
potential amplitude. Lidocaine (10-20 pg/ml) also de- 


Excessive doses of all local anesthetic agents may 
cause myocardial depression (1). In addition, certain 
local anesthetic drugs such as bupivacaine have been 
reported to induce cardiac arrhythmias that may be 
responsible for the sudden cardiovascular collapse 
reported in some patients after the accidental intra- 
vascular injection of bupivacaine (2-5). Ventricular 
arrhythmias have been observed with bupivacaine 
but not with lidocaine in isolated cardiac preparations 
(6) and in a variety of intact animals (7-11). 

A number of electrophysiologic studies have at- 
tempted to determine the etiology of bupivacaine- 
induced ventricular arrhythmias. Clarkson and Hon- 
deghem (12,13), using an isolated guinea pig 
papillary muscle preparation, found that both lido- 
caine and bupivacaine cause rate- and dose- 
dependent decreases in the maximum rate of depo- 
larization (V max). The effect of bupivacaine was 
more pronounced than that of lidocaine. Lynch (14) 
reported similar findings, although the degree of V 
max depression with both drugs was less than that 
observed by Clarkson and Hondeghem. These differ- 
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creased maximum rate of depolarization and action poten- 
tial amplitude, but the decreases were significantly different 
from those produced by B. High concentrations of B (30 
pg/ml) and L (100 pg/ml) resulted in delayed conduction 
between Purkinje fibers and ventricular muscle cells and, 
ultimately, conduction blockade. The duration of conduc- 
tien blockade was significantly longer with B than with L. 
The results of this study indicate that B produces elec- 
trophysiologic changes in cardiac tissue that may produce 
ventricular arrhythmias of a reentrant type. 


Key Words: ANESTHETICS, Ltocat—bupivacaine, 
lidocaine. HEART—bupivacaine, lidocaine. 


ences may be related to the use of different buffer 
solutions (15). Clarkson and Hondeghem also re- 
ported that recovery from drug-induced depression 
was significantly longer with bupivacaine than with 
lidocaine. Thus it was postulated that bupivacaine 
produces a “fast in-slow out” type of depression of 
sodium conductance, whereas lidocaine was charac- 
terized as causing a “fast in-fast out” type of depres- 
sion. The slow recovery of sodium channel blockade 
bv bupivacaine was believed to be responsible for the 
arrhythmogenic activity of bupivacaine. 
Electrophysiologic alterations other than those in- 
volving the rate of depolarization may also lead to 
arrhythmias. Little information is available concern- 
ing the effect of bupivacaine on diastolic resting 
potential, action potential duration, membrane re-, 
sponsiveness, and conduction between Purkinje fi- 
bers and ventricular muscle. The present study was 
initiated to determine the effects of lidocaine and 
bupivacaine on the electrophysiologic properties of 
both Purkinje fibers and ventricular muscle. On the 
basis of these studies it appears that bupivacaine has 
tke ability to induce a reentry type of ventricular 
arrhythmia and profound PF-VM conduction block. 


Methods 


Male New Zealand rabbits weighing 2-3.5 kg were 
killed by the intravenous injection of air. A thoracot- 
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omy was performed and the heart was quickly re- 
moved and placed in coo! Tyrode’s solution aerated 
with 95% O, and 5% CO, to obtain a pH of 7.35 at 
37°C. The Tyrode's solution contained (in mM/L) 
NaCl, 137; KCI, 4.5; CaCl,, 1.8; MgCl, 0.9; NaHCO, 
25; NaH,PO,, 1.2; glucose, 11. The right ventricular 
septal wall, including the right bundle branch and 
papillary muscles, was dissected out, placed in a 
Lucite chamber, and superfused at a rate of 10 ml/min 
with Tyrode’s solution maintained at a temperature 
of 37°C. 

Recording glass microelectrodes filled with 3 M 
KCI with tip diameters of <1 um were inserted into 
Purkinje fiber cells and ventricular muscle cells one to 
two layers deep to minimize diffusional problems 
using methods previously reported (16). The action 
potentials were passed through a wideband electrom- 
eter and the Purkinje fiber and ventricular muscle 
potentials simultaneously displayed on an oscilko- 
scope. The preparation was paced at a rate of 2.5 Hz 
with bipolar Teflon-coated silver wires delivering 
rectangular pulses of 1 msec duration and an ampli- 
tude two times that required to elicit a response 
during diastole, i.e., twice threshold. The following 
measurements were made: maximum diastolic poten- 
tial (MDP) in mV, action potential amplitude (AP) in 
mV, maximum rate of depolarization (V max) cb- 
tained from an electronically differentiated first deriv- 
ative in V/sec, and action potential duration (APD) at 
50 and 75% repolarization in msec. 

Effective refractory period (ERP) was determined 
by applying a rectangular impulse of 2 msec duration 
and three times threshold directly to the Purkinje 
fiber or ventricular muscle at various intervals follozv- 
ing the depolarization phase. The shortest coupling 
interval that elicited a premature response was Ge- 
fined as the ERP. These premature impulses were 
introduced after every tenth pacing impulse. Mem- 
brane responsiveness was determined by plotting the 
Vmax of these premature impulses against the mem- 
brane potentials from which they were evoked. Con- 
duction between Purkinje fiber and ventricular mus- 
cle (PF-VM) was determined by measuring the time 
intervals from the start of the action potential in the 
Purkinje fiber to the start of the action potential in 
ventricular muscle. Data from ventricular muscle 
action potential parameters have been omitted frem 
the results because P-M conduction block was in- 
duced by bupivacaine beginning at 3 ug/ml. There- 
fore, the ventricular action potentials were used pri- 
marily for determination of Purkinje—ventricular 
muscle conduction time. 

The first experimental study (study I) consisted of 
superfusion of lidocaine or bupivacaine in a random- 
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ized fashion in ten separate preparations for each 
agent after a 60-minute equilibration period. In addi- 
tion, a set of ten placebo experiments were included 
to determine changes that might occur during the 
3-hour time period. The tissue preparations were 
exposed to concentrations of 1, 3, and 5 ug/ml (3.5, 
10, and 17 x 10°°M) of bupivacaine or 5, 10, and 20 
pg/ml (2.1, 4.3, and 8.5 x 10°°M) of lidocaine. The 
tissues were exposed to each concentration for 60 
minutes. A washout period of 60 minutes followed 
the highest concentration of drug. Recordings were 
made 60 minutes after exposure to each concentration 
of drug. During the washout period, recordings 
were made at 15-minute intervals to determine the 
rate of recovery. Spontaneous, unpaced activity 
was also recorded during the contol period, 60 min- 
utes after exposure to different concentrations of the 
drugs and at varying intervals during the washout 
periods. 

The second experimental study (study II) was 
designed to mimic the clinical situation of a rapid 
intravenous injection. The concentrations chosen 
were based on actual arterial levels of bupivacaine 
and lidocaine obtained in awake dogs after the rapid 
intravenous administration of convulsant and supra- 
convulsant doses of each drug, which in the case of 
bupivacaine produced cardiac arrhythmias (10) and 
are similar to values obtained in sheep (9). Twelve 
tissues were equilibrated for 60 minutes in normal 
Tyrode’s solution, during which time control mea- 
surements were made. In the bupivacaine portion of 
the study, six tissues were exposed to 30 ug/ml of 
bupivacaine for 2 minutes followed by a reduction in 
the bupivacaine concentration to 3 ug/ml. After 28 
minutes of exposure to this intermediate concentra- 
tion, the concentration of bupivacaine was lowered to 
1 ug/ml for a final 30 minutes followed by a 60-minute 
washout period. 

In the lidocaine portion of the study, six tissues 
were exposed to 100, 10, and 2.5 ug/ml of lidocaine in 
the same fashion as in the bupivacaine portion of the 
study. Recordings were made before and during 
exposure of the tissue to these various concentrations 
of bupivacaine or lidocaine. 

Data were analyzed by a one-way analysis of 
variance (ANOVA) and a Newman-Keuls test fol- 
lowed by a paired Student's t-test for differences 
between concentrations of the same drug and an 
unpaired Student's t-test for differences between bu- 
pivacaine and lidocaine treated preparations. A P 
value of 0.05 was considered to be statistically signif- 
icant. 
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Table 1. Effects of Bupivacaine and Lidocaine on 
Maximum Diastolic Potential (MDP), Action Potential _ 
Amplitude (AP), and Maximal Rate of Depolarization (V 
max) 


MDP AP Vv max 
(—mvV) (mV) (V/sec) 
Bupivacaine (n=10) 
Baseline 80.5 + 1.8 113.2 + 1.8 566 + 22 
1 ug/ml 79.4 + 1.9 107.0 + 1:8 393 + 23* 
3 ug/ml 74.4 + 1.9" 90.2 + 3.8" 216 + 31" 
5 ug/ml TAZE 2.2? 88.5 + 3.3" 135 + 41* 
Washout Vo BS 108.3 + 1.7 435 + 56 
Lidocaine (n=10) 
Baseline 79.4 + 1.4 114.3 + 1.9 536 + 22 
5 ug/ml 80.0 + 1.3 114.8 + 1.2 475 + 30° 
10 pg/ml 74.2 + 1.4 107.2 + 3.5 414 + 23° 
20 ug/ml 76.4 + 2.0 107.8 + 2.2° 336 + 34* 
Washout 74,3 + 1.5 DLS 27 537 + 27 
*P < 0,05 compared to control 
Results 


No significant change in the Purkinje fiber or ventric- 
ular muscle action potentials were observed in the ten 
placebo preparations during a 3-hour period. 


Experimental Study I 


The Purkinje fiber maximum diastolic potential 
(MDP) decreased from an average baseline value of 
80.5 + 1.8 mV (X + sem) to 72.2 + 2.2 mV after 
exposure to 5 ug/ml of bupivacaine (Table 1). In the 
lidocaine-treated preparations the MDP varied non- 
significantly from an average baseline value of 79.4 + 
1.4 mV to 76.4 + 2.0 mV after exposure to 20 ug/ml of 
lidocaine (Table 1). No changes in ventricular muscle 
MDP were seen with either bupivacaine or lidocaine. 

The Purkinje fiber action potential amplitude (AP) 
decreased from a baseline value of 113.2 + 1.8 mV to 
90.2 + 3.8 and 88.5 + 3.3 mV after exposure to 3 and 
5 ug/ml of bupivacaine, respectively (Table 1). Lido- 
caine (20 ug/ml) also significantly reduced AP from a 
baseline value of 114.3 + 1.9 mV to 107.8 + 2.2 mV. 
The percent decrease in AP produced by lidocaine 
was significantly less than that caused by bupiva- 
caine. 

The maximum rate of depolarization (V max) was 
significantly decreased at all concentrations of bupi- 
vacaine (Table 1). Lidocaine also significantly de- 
creased V max in concentrations of 5, 10, and 20 
pg/ml. However, bupivacaine (5 ug/ml) produced a 
76% decrease in V max compared with a decrease of 
37% caused by 20 pg/ml of lidocaine, a statistically 
significant difference. Bupivacaine and lidocaine also 
significantly decreased V max in ventricular muscle 
cells. 
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Table 2. Effects of Bupivacaine and Lidocaine on Action 
Potential Duration (APD) and the Ratio of Effective 
Refractory Period to APD (ERP/APD) 


APD (msec)* ERP/APD-.+ 
Bupivacaine (1=10) 
Baseline 154.6 + 6.9 1.0 + 0.0 
1 ug/ml 121.0 + 7.6° 1.20 + 0.04* 
3 ug/ml 110.3 + 10.9" 1.41 + 0.08* 
5 pg/ml 138.1 + 8.8 1.36 + 0.09" 
Washout 128.0 + 7.2 1.17 + 0.06 
Lidocaine (n=10) 
Baseline 146.0 + 9.2 1.0 + 0.1 
5 pg/ml 119.6 + 8.2* 1.19 + 0.05* 
10 ug/ml 115.1 + 6.6" 1.19 + 0.04* 
20 ug/ml 112.5:+ 5:7" 1.21 + 0.04* 
Washout 134.5 + 6.6 1.05 + 0.02 
*P < 0.05 compared to control; action potential duration measured at 


50% of repolarization 

APD; was used for this ratio because the action potential evoked for 
determining ERP arose closest to this level of repolarization giving control 
values of near unity 


The duration of the action potential at 50% of 
repolarization (APDs9) was significantly shortened by 
1 and 3 ug/ml of bupivacaine (Table 2). However, at 5 
pg/ml of bupivacaine the APDs» returned toward the 
baseline value (Table 2). Lidocaine caused significant 
dose-dependent shortening of APDs» (Table 2). 

Both local anesthetics increased the ratio of the 
effective refractory period (ERP) to the APD at 75% 
repolarization (APD;;). Lidocaine also caused a sig- 
nificant increase of approximately 20% in the ER- 
P/APD at all concentrations, as did bupivacaine, 
which increased the ERP/APD 36-41% at 3-5 ug/ml 
(Table 2). 

Membrane responsiveness was markedly de- 
creased by bupivacaine and lidocaine at concentra- 
tions of 3 and 20 ug/ml, respectively (Fig. 1). Al- 
theugh both anesthetics decreased membrane 
responsiveness, the depressant effect of bupivacaine 
was significantly greater than that of lidocaine (Fig. 
1). 

A progressive increase in conduction time from 
Purkinje fibers to ventricular muscle (P—M) was seen 
with increasing concentrations of both drugs. Bupi- 
vacaine (1 ug/ml) caused a significant 102% prolon- 
gation of P-M conduction time (Table 3). At a con- 
centration of 3 ug/ml, bupivacaine also caused P-M 
conduction block in 90% of the preparations. At 5 
ng/ml bupivacaine, P-M conduction block occurred 
in 100% of the preparations. 

Lidocaine also produced a significant concentra- 
tion-related increase in P-M conduction time. How- 
ever, at the highest concentration of lidocaine (20 
gml, P-M conduction time significantly increased 
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Table 3. Effects of Bupivacaine and Lidocaine on Purkinje 
Fiber-Ventricular Muscle Conduction Time and the Rate 
of Automaticity 


Purkinje-Muscle 
Conduction Rate 
Time (msec) (beats mm) 





Bupivacaine 
Baseline 10.5 + 1.4 86.4 + 122 
1 pg/ml 21.3 + 4.8" 516284 
3 pg/ml 9 of 10 block 33.6 + 9.5" 
5 pg/ml 10 of 10 block 31.2 + 9.5° 
Washout 21.3+ 4.5 65.4 + 15.0 
Lidocaine 
Baseline 11.5 + 1.9 86.4 + 168 
5 pg/ml 16.8 + 2.4" 43.8 + 1C8 
10 ug/ml 16.9 + 3:2" 41.4 + 114 
20 pg/ml 18.02 + 2.5* 34.2 + 126° 
(1 of 10 block) 
Washout 11.88 + 2.9 81.6 + 10.8 


*P < 0.05 compared to control 


only 56%. Only one preparation showed P-M con- 
duction block after exposure to 20 ug/ml of lidocaine. 

Both agents produced a concentration-related de- 
crease in the rate of spontaneous depolarization (au- 
tomaticity). Rate decreased significantly from a base- 
line value of 86.4 + 16.8 to 34.2 + 12.6 beats/min after 
exposure to 20 ug/ml of lidocaine (Table 3). Similarly, 
bupivacaine reduced spontaneous activity signifi- 
cantly from a baseline rate of 86.4 + 13.2 to 31.2 + 9.6 
beats/min at 5 ug/ml (Table 3). 


Experimental Study I] 


Immediately after exposure of the preparation to 30 







Bupivacaine (3 g/m!) 
Lidoraine (20 yg/mi ) 
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Figure 1. Membrane responsiveness of Purkinje fibers 
exposed to either bupivacaine (3 ug/ml) or lidocaine (20 
ug/ml), The maximal rate of depolarization of prema- 
ture action potentials evoked during repolarization of 
every tenth beat are plotted against the respective 
membrane potential from which they arose. Bupiva- 
caine (3 ug/ml) was significantly more potent in de- 
pressing membrane responsiveness than was lidocaine 
(20 ug/ml). This is a representative result from one 
experiment. The multiple control points at the lowest 
membrane potentials indicate the frequency-depen- 
dent variability during diastole. 
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Figure 2. Effects of bupivacaine on transmembrane action poten- 
tials of rabbit Purkinje fiber (top) and ventricular muscle cells 


(bottom). (A) Control; (B) 2 minutes after start of bupivacaine 30 
pg/ml superfusion. Preparation was constantly driven at 2.5 Hz. 
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ug/ml of bupivacaine, a marked decrease in action 
potential amplitude and duration was observed (Fig. 
2). Subsequently, a progressive increase in P-M con- 
duction time was noted until complete P-M conduc- 
tion block occurred. Finally, the Purkinje fiber be- 
came inexcitable and failed to respond to a stimulus 
that was twice threshold. After 2 minutes, the con- 
centration of bupivacaine was reduced to 3 ug/ml and 
after an additional 28 minutes, the concentration was 
lowered to 1 ug/ml. After 30 minutes of exposure to 
this concentration, the preparation was bathed with 
drug-free solution for 60 minutes. An average of 18.2 
+ 3.2 minutes was required for complete recovery of 
Purkinje fiber excitability after initial exposure to 30 
ug/ml of bupivacaine. Complete recovery of P-M 
conduction took place in 47.8 + 5.1 minutes (Table 4). 

Lidocaine produced a similar pattern of decrease in 
height and duration of the action potential, followed 
by P-M conduction delay and block in four of the six 
preparations, and Purkinje fiber inexcitability in two 
of six preparations. However, recovery time was 
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Table 4. Duration of Bupivacaine- and Lidocaine-Induced 
Purkinje Fiber Inexcitability and Purkinje 
Fiber-Ventricular Muscle Conduction Block 


PF inexcitability* PF-VM conduction 
(min) blockt (min) 
Bupivacaine 18.2 + 3.2 47.8 + 5.1 
(n = 6) (n = 6) 
Lidocaine 3.54 1.5 5.8 + 2.3 
(n = 2 of 6) (n = 4 of 6) 


*P < 0.05 for lidocaine vs bupivacaine. 
tP < 0.01 for lidocaine vs bupivacaine. 


Figure 3. Notching in Purkinje fiber (top) and ventricular muscle 
(bottom) action potentials. (A) After 2 minutes exposure to 30 
pg'ml and subsequently 9 minutes exposure to 3 ug/ml bupiva- 
caine. (B) Same cells after an additional 13 minutes exposure to 3 
pg/ml bupivacaine. 


significantly more rapid with lidocaine than with 
bupivacaine. Normal Purkinje fiber excitability recov- 
ered in 3.5 + 1.5 minutes and P-M conduction was 
reestablished in 5.8 + 2.3 minutes (Table 4). 

Marked differences in the contour of the action 
potential were also seen with the two anesthetics. 
After exposure of the preparation to high concentra- 
tions of both agents, action potential amplitude and 
duration significantly decreased with both drugs. In 
addition, bupivacaine but not lidocaine produced a 
peculiar notching between phase 1 and 2 of the 
Purkinje fiber and ventricular muscle action potential 
(Fig. 3). The action potential showed a slow phase 0 
depolarization followed by a marked phase 1 inacti- 
vation. This, in turn, was followed by a slow and 
somewhat delayed secondary depolarization and fi- 
nally by the characteristic slow repolarization phase. 
On occasion the notching effect deteriorated into an 
alternans between a notched action potential and an 
action potential consisting only of a phase 0 depola- 
rization followed by a phase 1 exponential repolari- 
zation back to the resting potential (Fig. 4). 

To determine whether this peculiar action poten- 
tial was simply a stimulus-induced artifact, stimula- 
tion was temporarily terminated and spontaneously 
generated action potentials were recorded. These 
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Figure 4. Bupivacaine-induced alternans between “notched” 
Purkinje fiber action potential and an action potential consisting of 
phases 0 and 1 which did not conduct to the ventricular muscle. 
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Figure 5. Notching in Purkinje fiber action potential (top) in 
spontaneously firing preparation at bupivacaine concentrations of 
“0 ug/ml. “Notching” effect was usually transient lasting about 10 
minutes and observed after superfusion of 30 ug/ml and during 
subsequent superfusion with 3 ug/ml. 
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Figure 6. Effects of bupivacaine on Purkinje fiber (top) and ven- 
tricular muscle (bottom) action potentials. (A) Predrug. (B) During 
exposure to 30 ug/ml (notching and P-M block). (C) 8 minutes into 
superfusion with 3 ug/ml (4:1 P-M conduction). (D) 12 minutes 
into superfusion with 3 ug/ml (2:1 P-M conduction). (E) 30 minutes 
into superfusion with 1 ug/ml. The preparation was continuously 
paced at 2.5 Hz. 


spontaneous Purkinje fiber and ventricular muscle 
action potentials also showed this notching between 
phase 1 and 2 (Fig. 5). However, this abnormal action 
Dotential was only seen in preparations exposed: to 
bupivacaine. As the concentration of bupivacaine 
was reduced and ultimately eliminated from the bath, 
che action potential gradually returned to its normal 
contour (Fig. 6). 
In addition, in several experiments premature d: 
Dolarizations were observed in Purkinje fiber action 
>otentials. These premature depolarizations tended 
zo occur during exposure to high concentrations. of 
bupivacaine, when conduction from the Purkinje 
Aiber to the ventricular muscle was markedly pro- 
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Figure 7. Bupivacaine-induced premature depolarization and 
anomalous prolongation of Purkinje fiber (PF) APD. (A) Prematare 
Purkinje fiber action potentials apparent only when ventricudar 
muscle action potentials were present. (B) Three consecutive 
recordings demonstrating various PF APD prolongations appar- 
ently induced by the electrotonic effects of a markedly delayed 
ventricular action potential. (C) Initiation of stimulation at 2:1 PF 
excitation—as time progressed and muscle delay increased, she 
secondary depolarization became more prominent. 


longed (Fig. 7). These effects were not seen with 
lidocaine. 


Discussion 


Bupivacaine but not lidocaine has been shown to 
precipitate ventricular arrhythmias in various animal 
species (8-11). These studies in animals suggest that 
the development of severe ventricular arrhythmias 
may be responsible for the cases of sudden cardio- 
vascular collapse which have been reported after the 
accidental intravenous injection of bupivacaine. 

Few studies are available to determine the mecka- 
nism responsible for the arrhythmogenic activity of 
bupivacaine. Clarkson and Hondeghem (12,13), us- 
ing a Hepes buffer, found that both lidocaine and 
bupivacaine caused a rapid decrease in V max in an 
isolated guinea pig papillary muscle preparation. The 
decrease in V max was rate- and dose-dependent. At 
a stimulation rate of 150 beats/min, the same stimu- 
lation rate employed in the current study, 1 ug/ml 
bupivacaine produced approximately a 60% decrease 
in V max compared to an approximate decrease of 
20% after the application of 10 ug/ml of lidocaire. 
Lynch, using a bicarbonate buffer solution, also dem- 
onstrated a rate and dose-dependent depression in V 
max of guinea pig papillary muscles (14). However, 
the decrease in V max at 150 beats/min was approxi- 
mately 25-50% with concentrations of 1-3 pg/ml of 
bupivacaine and 15% with a concentration of 10 
pg/ml of lidocaine. 

In the present investigation, employing a bicar- 
bonate buffered solution, both bupivacaine and lido- 
caine significantly decreased V max in Purkinje fibers 
of rabbits in a dose-related fashion. At a stimulation 
rate of 150 beats/min, 1-5 ug/ml bupivacaine caused a 
30-76% decrease in V max compared to a decrease of 
11-37% produced by 5-20 ug/ml lidocaine. Thus the 
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results of the current study are quantitatively similar 
to those of Lynch. 

Clarkson and Hondeghem (13) also reported that 1 
ug/ml of bupivacaine caused a significant depression 
of V max at stimulation rates of 20-150 beats/min, 
while no significant effect was observed with 10 
ug/ml of lidocaine at the lower stimulation rates. The 
present study did not evaluate the effects of lidocaine 
and bupivacaine at various stimulation rates. 

Clarkson and Hondeghem (13) also reported a 
significant difference between bupivacaine and lido- 
caine in the rate of recovery from drug-induced block 
of sodium channels (bupivacaine, t = 1557 msec; 
lidocaine, t = 153.8 msec). In the present study 
recovery of sodium channel block was not deter- 
mined. However, it was interesting to note that 
bupivacaine caused PF-VM conduction block in 
90-100% of the preparations at concentrations of 3-5 
ug/ml, while conduction block was only observed in 
one experiment with lidocaine at a concentration of 
20 ug/ml. The region of the Purkinje fiber—-ventricular 
muscle junction has been described by Wit (17) as an 
area that is sensitive to the “local anesthetic” effects 
of antiarrhythmic agents and, as seen in our data, the 
toxic effects of certain local anesthetic agents. Men- 
dez, Mueller and Urguiaga (18) also showed that the 
PF-VM junction is highly sensitive to elevations in 
extracellular potassium resulting in block of orthodro- 
mic action potential propagation while still allowing 
antidromic propagation. In the current study an 
approximately 10-fold difference in the recovery time 
from PF-VM block was observed with the two local 
anesthetics. In addition, PF inexcitability occurred 
significantly more often in the bupivacaine-treated 
than in the lidocaine-treated preparation and recov- 
ery of PF excitability was significantly more rapid in 
the lidocaine-treated preparations. This difference in 
recovery times may be related to the greater lipid 
solubility and protein binding of bupivacaine, which 
would tend to decrease the rate of washout from 
cardiac tissue. In this regard Reiz and Nath (19) have 
reported a slower washout of bupivacaine from the 
heart as compared to lidocaine. 

Cardiac tachyarrhythmias may be initiated by al- 
terations in impulse generation, conduction, or both 
(20-22). Tachyarrhythmias due to an increase in the 
rate of impulse generation or automaticity may occur 
because of 1) depolarization of the maximum diastolic 
potential, 2) hyperpolarization of the threshold po- 
tential, 3) increase in the rate of phase 4 depolariza- 
tion, or 4) a combination of factors 1-3. In this study 
bupivacaine caused a significant depolarization of the 
resting membrane potential. However, bupivacaine 
decreased the rate of the slow depolarization phase in 
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spontaneously beating preparations. Thus, it appears 
unlikely that bupivacaine-induced tachyarrhythmias 
are related to an increased rate of impulse generation. 

On the other hand, a decrease in the rate of 
impulse conduction may predispose to the formation 
of reentrant type of arrhythmias. Factors responsible 
for reentrant arrhythmias include 1) depolarization of 
the MDP, 2) decrease in V max, 3) PF-VM conduction 
block, and 4) inhomogeneous alterations in APD 
(20-22). Bupivacaine was associated with all four 
conditions. Bupivacaine caused depolarization of 
MDP, decreased V max, produced PF-VM conduc- 
tion block and markedly altered APD. In contrast, 
lidocaine did not significantly alter MDP and was 
significantly less potent than bupivacaine in terms of 
altering V max, APD, PE-VM conduction, and mem- 
brane responsiveness. The arrhythmogenic nature of 
bupivacaine was observed in several experiments in 
which premature action potentials were seen in the 
Purkinje fiber during exposure to high concentrations 
of the drug. Thus, the results of this study indicate 
that bupivacaine, but not lidocaine, is capable of 
inducing a reentrant type of tachyarrhythmia. 

The marked depression of V max supports the 
conclusion of Clarkson and Hondeghem (13) that 
bupivacaine may block sodium channels in cardiac 
membrane. In addition, the peculiar notching of the 
action potential between phase 1 and phase 2 after 
exposure of the Purkinje fiber-ventricular muscle 
preparations to a high concentration of bupivacaine 
(30 ug/ml) may be related to enhanced sodium inac- 
tivation or, perhaps, inhibition of the slow inward 
calcium currents. There is an inward flow of calcium 
current during the plateau phase of the action poten- 
tial. Inhibition of these calcium currents could lead to 
an exaggeration of the sodium inactivation phase and 
a decrease in the amplitude of the action potential as 
was seen in these studies. Recently, Lynch reported 
that bupivacaine depressed high potassium, isopro- 
terenol-induced, slow inward current action poten- 
tials at concentrations similar to those used in this 
study (14). Other studies also are suggestive of an 
interaction of local anesthetics and calcium in cardiac 
tissue. For example, slow channel blockade by tetra- 
caine was reported by Carmeliet (23). In addition 
blockade of intracellular release of calcium by tetra- 
caine in isolated sarcoplasmic reticulum preparations 
and intact Purkinje fiber have also been reported 
(24,25). 

The concentrations of lidocaine and bupivacaine 
employed in the second part of these studies were 
based on blood concentrations of these two agents 
measured in animals given toxic intravenous doses of 
these drugs (10). However, the solutions in our in 
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vitro studies were protein free. Bupivacaine binds to 
plasma proteins to a significantly greater extent than 
does lidocaine, but at high blood concentrations the 
plasma protein binding of both agents is markedly 
decreased. For example, 1 ug/ml free bupivacaine 
corresponds to a whole blood concentration of ap- 
proximately 5 ug/ml. However, a concentration of 30 
ug/ml free bupivacaine would be present at a whole 
blood concentration of approximately 60 ug/ml in 
blood (26,27). Whole blood concentrations of >60 
g/ml bupivacaine have been reported in animals (9). 
Also, in certain patients, including parturients, sev- 
eral factors are altered that may increase the free 
concentration of bupivacaine (26,28): 1) a decrease in 
the concentration of serum albumin; 2) a decrease in 
the alpha, acid glycoproteins binding sites, and 3) an 
increase in the concentration of non-esterified fatty 
acids that could compete for binding sites. 

Therefore, although the concentration of bupiva- 
caine (30 ug/ml) and lidocaine (100 ug/ml) are admit- 
tedly high, the differential electrophysiologic effects 
of these two local anesthetics may be clinically rele- 
vant in terms of elucidating the etiology of bupiva- 
caine-induced arrhythmias. Furthermore, the Purk- 
inje fiber—-ventricular muscle conduction block that 
may be primarly responsible for initiation of a reen- 
trant type of arrhythmia also occurred at concentra- 
tions of 3-5 ug/ml of bupivacaine, which can be easily 
achieved after an accidental intravascular injection in 
humans. 
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High-energy lasers are suitable for experimental pain stim- 
ulation because they selectively activate the polymodal 
nociceptors. Argon laser light penetrates deep into the skin 
and makes this laser type preferable for simulating pain 
arising from surgical skin incisions. Short argon laser 
pulses were applied to the skin and three parameters were 
quantified before and during analgesia; sensory threshold, 
pain threshold, and the pain-related cortical response (la- 
tency and amplitude). Determination of sensory and pain 
thresholds made it possible to distinguish between two levels 
of analgesia; the pain block, where no pain was felt but other 
sensations were still perceived; and total sensory block, 
where the laser stimulus elicited no sensations of any type. 
The analgetic effects of cutaneous injections of lidocaine and 
topical application of EMLA (eutectic mixture of local 
anesthetics) cream were evaluated and compared by means 
of the introduced parameters. Lidocaine produced total 
sensory block almost immediately after injection, which was 
associated with the absence of cortical response to cutaneous 
laser stimulation. When the EMLA cream was applied for 
15 minutes, both sensory and pain thresholds increased. 
During the next 30 minutes after removal of the cream, the 


thresholds increased further, The increase in analgetic effect 
after removal of the cream was studied using different times 
(15, 30, 60, 80, 100, and 120 minutes) for topical EMLA 
cream application. Total sensory block was reached 20 
minutes after removal of application for 80 minutes or 
imvnediately after removal of the cream after it was applied 
for 100 or 120 minutes. Pain block was achieved 30 minutes 
after removal of cream applied for 30 minutes, 15 minutes 
after removal of cream applied for 60 minutes, and imme- 
diately after applications for 80, 100, or 120 minutes. 
During the period of increasing and decreasing analgesia, 
cortical responses were recorded, Changes in amplitude and 
latency reflected the changes in perception (intensity and 
modality) to laser stimuli. In some cases a sensation of local 
warmth was perceived when pain perception was absent. 
The sensation of local warmth was accompanied by cortical 
deflections with a latency of 600-800 ms from stimulus 
onset, which was 200-300 ms later then the cortical 
deflections related to pain perception. Thresholds and cor- 
tical responses to argon laser stimuli were affected by minor 
changes in sensitivity of the nociceptors in human skin and 
were found to be suitable parameters for quantitative eval- 
uations and comparisons of dermal analgesics. 


Key Words: PAIN, ExPERIMENTAL—Laser-produced. 
ANESTHETICS, tocat—topical. 








Injectable solutions of lidocaine are widely used to 
provide local anesthesia for superficial, minor opera- 
tive procedures. Lidocaine acts directly on nerve 
membranes by blocking sodium conductance in the 
nerve membrane during depolarization. For skin an- 
algesia, lidocaine is usually infiltrated intra- and 
subdermally, where it is distributed diffusely through 
the tissues and directly affects receptors and nerve 
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endings in the area. The injection is often accompa- 
nied by a significant discomfort or pain. 

A topical preparation of local anesthetics that can 
be applied to the skin without discomfort and that 
alleviates pain from needle punctures would be most 
helpful to both patient and anesthetist. Indeed, many 
attempts have been made to obtain suitable formula- 
tions of effective topical anesthetics. The main prob- 
lem has been poor penetration through the intact 
ep:dermis. Mixtures of lidocaine and prilocaine crys- 
tals form an eutectic mixture that, in an oil-in-water 
emulsion, produce droplets of approximately 80% 
active local anesthetic substance. This emulsion (Eu- 
tectic Mixture of Local Anesthetics—EMLA, Astra 
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AB, Sweden) penetrates intact skin and blocks pein 
produced by pinpricks. The eutectic mixture is espe- 
cially useful in children before venipuncture (1-5) 

Evaluation of the anesthetic effect of epicutaneous 
EMLA application and conventional lidocaine infiltra- 
tion have traditionally been based on subjective re- 
ports in which patients estimate pain sensation ver- 
bally or by use of visually graded scales. 

The aim of the present study was to use a quanti- 
tative method to 1) compare two methods for obtain- 
ing dermal analgesia (topical EMLA cream and lido- 
caine infiltration); 2) determine the effects of varicus 
durations of application of EMLA; and 3) measure the 
duration of analgesia produced. 

We selectively stimulated cutaneous nociceptors 
by high-energy argon laser pulses and measured the 
sensation and pain thresholds and pain-related corti- 
cal evoked responses associated with various levels of 
analgesia. 


Methods 
Stimulation 


The output from an argon laser (Lexel Aurora 150, 
Cooper Medical, USA) was transmitted via a quartz 
fiber to a handpiece with adjustable beam diameter 
(0.4 to 6 mm). The laser was operated in TEM,,, 
mode. Output power could be adjusted from 0.005 to 
2.9 W. The wavelengths were 0.488 um (blue) and 
0.515 um (green). An external laser power meter 
(Ophir, Israel) was used to measure the dissipated 
output power. A continuous low energy beam (0.005 
W) from the argon lasar visualized the stimulation 
site. The laser stimulus had a duration of 200 ms end 
the laser beam diameter was kept constant at 3 mm 
by a spacer between the fiber optics and the skin 
surface. 

The laser stimulus was applied to the dorsum ¢C7 
dermatome) of the left hand in a 6 cm? test area. The 
test area was encircled by ink to ensure that the same 
area was used in consecutive experiments. Repeated 
stimulation at identical points within the area was 
avoided by dividing the test area into small sectors 
that were sequentially stimulated to exclude any 
effect of receptor fatigue or receptor sensitization. 
The intervals between stimuli were randomized with 
a mean of 30 seconds (range 10 to 30 seconds). “he 
maximal laser intensity applied to the skin was 2.4 W. 
Intensities above this level caused minor superficial 
skin burns and this level was therefore defined as 
skin destruction level (SDL). Two levels of analgesia 
were defined: blockade of pain and total sensory 
blockade. The pain blockade was defined as being 
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Table 1. Seven-Point Scale for Perception of Argon Laser 
Stimuli* 


Perception Scale Abbreviation Rating 
Very intense pinprick 6 VIPP/BS Very strong 
and burning after pain 
sensation 
Intense pinprick 5 IPP Strong pain 
Sharp distinct pinprick a SDPP Moderate pain 
Distinct pinprick 3 DPP Threshold of 
pain 
Weak pinprick, 2 PP/W Prepain 
warmth 
Faint pinprick, slight 1 PP/T/W Threshold of 
touch, faint warmth sensation 
No sensation 0 NS 





*200 ms duration, 3 mm beam diameter 


present when argon laser stimulus pulses up to SDL 
were not perceived as painful, whereas sensations of 
warmth, touch or nonpainful pinprick could still be 
perceived. Total sensory blockade was defined when 
nothing was perceived when stimuli with intensities 
up to SDL were applied. 


Threshold Determination 


The declaration of Helsinki was respected and in- 
formed consent was obtained from all volunteers. 
During the experiment the volunteers rested comfort- 
ably and wore protective goggles. To standardize the 
acoustical perception and avoid any perception syn- 
chronized to the stimulus, white noise was given 
through earphones. 

Skin temperature on the dorsum of the hand was 
monitored by a thermocouple fixed to the skin sur- 
face with transparent tape. Stimuli were applied 
when the skin temperature on the dorsum of the 
hand was 33 + 2°C. 

The thresholds were calculated as the mean of five 
ascending and five descending series of stimulations. 
The sensory threshold was defined as rating 1 and 
the pain threshold was defined as rating 3 on a 
seven-point scale (Table 1). 

The influence of skin temperature, skin thickness, 
and skin reflectance on argon laser thresholds has 
been described by Arendt-Nielsen and Bjerring (6). 


Reaction Time 


A counter (1/1000-second resolution) was triggered 
by the onset of stimulus. The counter was stopped by 
a small thumb switch. Each reaction time was based 
on 20 stimulations. The intervals between stimula- 
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tions were random with a mean of 30 seconds (range 
15'to 45). 


Recording of Cortical Responses 


Cortical responses were recorded with a platinum 
needle electrode (Disa 25CO4) inserted subcutane- 
ously over the vertex. A reference surface electrode 
was applied to the earlobe. 

The EEG was filtered (0.5-200 Hz) and amplified 
200,000 times (Disa 5CO1). A microcomputer system 
was triggered by stimulus onset. One-second strips 
of EEG activity were recorded and 32 to 128 succes- 
sive recordings were averaged. 


Statistical Analysis 


Statistical evaluation of the results was performed by 
Wilcoxon’s test. Statistical significance was accepted 
to a 5% level. 


Analgesia 


EMLA and placebo. The EMLA cream consists of an 
oil-in-water emulsion of an eutectic mixture of lido- 
caine base (25 mg/ml) and prilocaine base (25 mg/ml). 
A placebo cream without active substances was pre- 
pared and marked similar to EMLA cream. EMLA 
and placebo were supplied in identical aluminum 
tubes. The tubes were marked in a double-blind 
manner. A thick layer of the cream (2 g) was applied 
to a 10-cm* skin area on the dorsum of the left hand 
(C7 dermatome) under an impermeable plastic occlu- 
sive film. The test area was in the center of the area of 
application. 


Lidocaine and placebo. Identical values (2 ml) of 
lidocaine (1%) and placebo (NaCl 0.9%) were injected 
intradermally on the dorsum of the left hand (C7 
dermatome) with a 28-gauge needle into a 10-cm* 
skin area. The test area was in the center of the area 
of injection. Lidocaine and placebo were supplied in 
identical vials and marked in a double-blind manner. 


Experiment 1 

Analgetic Effects of Lidocaine Infiltration, EMLA 
Cream Application (60 and 120 minutes), and 
Placebo Evaluated by Threshold Determination and 
Pain-Related Cortical Responses 


-In this experiment the efficiency of EMLA cream 
was compared with that of conventional lidocaine 
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infiltration. Placebo analgetics were prepared to de- 
termine if thresholds were altered by the cream base 
ar by the injection itself. 


Subjects. Twelve healthy volunteers (6 men, mean 
age 27 years, range 24-33, and 6 women, mean age 25 
years, range 23-27) were tested in random order on 
six consecutive days: 


Day 1—EMLA cream applied for 60 minutes, 
Day 2—EMLA cream applied for 120 minutes, 
Day 3—placebo cream applied for 60 minutes, 
Day 4—placebo cream applied for 120 minutes, 
Day 5—lidocaine injected, and 

Day 6—placebo injected. 


Sensory and pain thresholds before and after lidocaine or 
p'acebo injection and EMLA or placebo application. The 


thresholds were determined before and after infiltra- ` 


tion or cream application. The thresholds were mea- 
sured 8 minutes after injection of lidocaine or placebo 
and after 60 or 120 minutes of application of EMLA. 


Pain-related cortical responses before and after lidocaine 
or placebo injection and EMLA or placebo application. 
Cortical responses were measured before and after 
infiltration or cream application. The responses were 
measured 8 minutes after lidocaine or placebo infiltra- 
tion and again after cream application for 60 or 120 
minutes. The laser stimulus intensity was adjusted 
throughout to the subjective rating 4, measured before 
infiltration or cream application. 


Experiment 2 


Curation of Analgetic Effect of EMLA Cream 
Applied for 15, 30, 60, 80, 100, and 120 Minutes 
Evaluated by the Thresholds 


In the previous experiment the thresholds were 
measured several times after removal of the cream. It 
was observed that the thresholds increased during 
consecutive measurements and the following experi- 
ment was designed to study this phenomenon ae 
tematically. 


Subjects. Ten healthy volunteers (six men, mean 
age 26 years, range 22-35, and four women, mean 
age 28 years, range 24-33) was tested on 6 consecu- 
tive days with EMLA cream applied for either 5, 30, 
60, 80, 100, or 120 minutes. The application times 
were chosen in random order on the different days. 


Sensory and pain thresholds after EMLA application—a 
kinetic study. The thresholds were initially deter- 
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Figure 1. Sensory (0) and pain (®) thresholds determined after 15, 
30, 60, 80, 100, and 120 minutes of EMLA cream application 
(hatched area) on the dorsum of the hand. The thresholds to argon 
laser pulses (200 ms duration, 3 mm beam diameter) were deter- 
mined every 15-30 minutes after the EMLA cream was removed. 
The mean threshold values in ten subjects (mean age 27 years, 
range 22-35) were calculated. Skin destruction level (SDL) was 
reached for laser impulse above 2.4 W. Intensities above this lerel 
induced minor superficial skin burns. 


mined before application of EMLA cream. Each 
15th-30th minute (for actual intervals see Fig. 1) after 
the EMLA cream was removed, the thresholds were 
determined. The total duration of the experiment was 
270 minutes. The criteria for analgetic efficiency were 
pain block and total sensory block, as previously 
defined. 
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Experiment 3 


Duration of Analgetic Effect of EMLA Cream 
Applied for 30 Minutes Evaluated by Pain-Related 
Cortical Responses 


To study the sensitivity of pain-related cortical 
responses to various levels of analgesia, the 30- 
minute application time was selected because with it, 
pain block could be selectively produced (Fig. 2). The 
cortical projection of nonpainful sensation was com- 
pared to the threshold findings. 


Subjects. The study included six healthy volun- 
teers (four men, mean age 27 years, range 23-33, and 
two women, 28 and 31 years old). 
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Figure 2. Cortical responses evoked by 
thermal argon laser pulses (200 ms dura- 
tion, 3 mm beam diameter) applied to the 
dorsum of the hand (woman, age 27). The 
responses were recorded from vertex to 
earlobe. The preanalgetic response was 
similar to the placebeo response. The 
postanalgetic responses were recorded af- 
ter lidocaine injection, after 60 minutes of 
EMLA cream application, and after 120 10¥V 
minutes of EMLA cream application. Two 
responses (notice different vertical axis) 
recorded after 60 minutes of EMLA appli- 
cation are shown. One response corre- 
sponded to a weak pinprick (right, top), 


0 250 


Pain-related cortical responses after 30-minute EMLA 
application. The argon laser stimulus intensity used 
was 20% above the pain threshold determined imme- 
diately after removal of the EMLA cream. The cortical 
responses were recorded every 15 minutes for 150 
minutes. 


Results 


Sensory and Pain Thresholds Before and After 
Lidocaine or Placebo Infiltrations and EMLA or 
Placebo Application 


The thresholds before and after injection of lidocaine 
or placebo are given in Table 2. The thresholds after 
lidocaine infiltration increased significantly. In 2 of 12 
subjects the laser stimuli after injection of lidocaine 
were perceived as nonpainful pinpricks (pain block- 
ade only). In the other ten subjects nothing was 
perceived (total sensory blockade). There was a sta- 
tistically nonsignificant tendency for thresholds to 
increase slightly after the placebo injections. 

The thresholds after EMLA or placebo applications 
are given in Table 2. When EMLA cream was applied 
for 60 minutes, total sensory blockade was obtained 


POST PLACEBO 


POST LIDOCAINE 


and the other, (second from right, top) 
corresponded to the sensation of warmth 
(woman, age 25). 
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in 3 of 12 subjects. Placebo cream applied for 60 
minutes did not change the thresholds significantly, 
though there was a tendency for thresholds to in- 
crease slightly. 

EMLA cream applied for 120 minutes produced 
total sensory block in all cases, whereas the placebo 
cream did not change the thresholds significantly. 

The intraindividual variations (for the six consec- 
utive determinations) in thresholds determined be- 
fore analgesia were 9.92% (coefficient of variation) for 
the sensory threshold and 5.77% (coefficient of vari- 
ation) for the pain threshold (12 subjects). 

The intraindividual variations in thresholds to ar- 
gon laser stimuli recently described by Arendt- 
Nielsen and Bjerring (6) are similar (9.3 and 4.3%, 
respectively) to results obtained in the present study. 


Test of Lidocaine or Placebo and EMLA or Placebo 
by Cortical Evoked Responses 

The stimulus intensity used to elicit cortical responses 
was the same before and after injection or cream 
application. After lidocaine injection or 120 minutes 
of EMLA cream application, total sensory blockade 
was obtained in all cases (7) and no cortical responses 
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Table 2. Sensory and Pain Thresholds* 
= NR a 
Sensory Thresholds (W) Pain Thresholds (W) 





Before After Before After 
na a ee 


Lidocaine injection 0.75 + 0.31 2.10 + 0.09 (n=2) TSB (n=10) 1.37 + 0.45 PB (n = 2) TSB (n = 10) 
Placebo injection 0.72 + 0.25 0.80 + 0.13 1.21 + 0.42 1.30 + 0.37 

60 min EMLA cream 0.79 + 0.40 2.06 + 0.07 (n=9) TSB (n= 3) 1.36 + 0.47 PB (n = 9) TSB (n = 3) 
60 min placebo cream 0.66 + 0.25 0.75 + 0.33 1.29'+ 0:33 1.39 + 0.36 

120 min EMLA cream 0.83 + 0.28 TSB 1.38 + 0.43 TSB 

120 min placebo cream 0.75 + 0.27 0.80 + 0.30 1.29 + 0.29 1.38 + 0.29 


= ee 

“Determined on the dorsum of the hand (C7-dermatome) in 12 subjects (mean age 26 years, range 23-33). Total sensory blockade (TSB) was reached when 
no sensations followed a laser stimulus. Painblock (PB) was reached when no pain was perceived. The maximal laser intensity was 2.4 W. Intensities above 
this level caused minor superficial skin burns. The mean and seM are given 


were detected (Fig. 2). After 60 minutes of EMLA 
application, pain blockade was obtained in 9 of 12 
subjects and total sensory blockade in 3 subjects. The 
prepain sensations were described as either nonpein- 
ful pinpricks or as a feeling of warmth. Characteristic 
cortical responses were recorded with these different 
prepain sensations (Fig. 2). The sensation of warmth 
was accompanied by a late cortical response, with a 
major negative deflection 640 + 112 ms after stimulus 
onset. This was a shift in latency of the cortcal 
response of 293 + 51 ms compared to the major pin 
prick-related negative deflection recorded before an- 
algesia. The reaction time was measured before each 
recording and a delay of 279 + 88 ms was found. 


Duration of Analgetic Effect of EMLA Cream 
Applied for 15, 30, 60, 80, 100, and 120 Minutes 
Evaluated by the Thresholds 


The kinetics of the onset, duration, and decrease of 
analgesia was studied after various application times 
of EMLA cream. The results are shown in Fig. 1. 


15 minutes, Application of EMLA cream for 15 
minutes resulted in a significant increase of bath 
sensory and pain thresholds. The maximal effect was 
a 40% increase in sensory threshold and a 44% 
increase in pain threshold, both 30 minutes after 
removal of the cream. Both thresholds decreased 
slowly toward normal values. No pain blockades or 
total sensory blockades were obtained. 


30 minutes. When EMLA cream was removed from 
the skin surface after 30 minutes, the sensory thresh- 
old continued to increase and reached a maximum of 
150% of preanalgetic values 60 minutes after removal 
of the cream. The pain threshold was elevated 65% 
immediately after removal of the cream; pain block- 
ade occurred 30 minutes later and lasted 60 minutes. 


60 minutes. After a 60-minute application, analge- 
sia was not total immediately after removal of the 
cream. However, after an additional 15 minutes, pain 
block was obtained and persisted for 75 minutes. 
Sensory threshold reached a maximum of 197% 45 
minutes after removal of the cream and returned to 
the baseline level 150 minutes after removal. 


80 minutes. Eighty minutes of EMLA cream appli- 
cation gave immediate pain block when the cream 
was removed, and total sensory block was obtained 
20 minutes later. One hundred minutes after removal 
of the cream, the sensory threshold was detectable 
again, and it reached its normal value after 190 
minutes. The pain threshold reappeared under SDL 
100 minutes after cream removal, but did not quite 
assume its initial value even after 190 minutes. 


100 and 120 minutes. Both 100- and 120-minute 
application times resulted in total sensory block im- 
mediately after removal of EMLA cream. Sensory 
threshold was again detected 90-110 minutes later 
and the pain threshold was reached below SDL 
120-140 minutes later. 


Duration of Analgetic Effect of EMLA Cream 
Applied for 30 Minutes Evaluated by the Cortical 


Responses 


From the previous experiment it was possible to 
select an application time (30 minutes) associated 
with pain blockade without total sensory blockade. 
The mean amplitude of the cortical responses de- 
creased gradually the first 60 to 90 minutes after 
EMLA cream was removed (Fig. 3). After 60 to 90 
minutes, the analgesia began to be less effective and 
the fixed stimulus intensity was perceived as being 
more and more painful. This increase in pain inten- 
sity was related to a corresponding increase in cortical 
amplitude (Fig. 3). 
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Figure 3. The mean amplitude (six volunteers, mean age 28 years, 
range 23-33) of the main cortical complexes monitored after EMLA 
cream was applied on the dorsum of the hand for 30 minutes. The 
argon laser impulses (200 ms duration, 3 mm beam diameter) were 
applied to the dorsum of the hand. The vertical bars indicate the 
SEM. 


Discussion 


Because injection of local anesthetics into the skin is a 
minor anesthetic maneuver frequently performed for 
small surgical procedures, many attempts have been 
made to obtain a suitable formulation for effective 
topical anesthesia of the skin. Previously, a major 
obstacle has been poor penetration of local anesthet- 
ics through intact skin, but the eutectic mixture of 
lidocaine base and prilocaine base (EMLA cream) has 
been shown to be capable of penetrating intact skin in 
amounts sufficient to abolish pain of pinprick (1,8). 
The clinical effects of EMLA have been intensively 
studied, especially for alleviating pain during intra- 
veneous cannulation (2-5). 

Traditional stimuli (electrical and mechanical) used 
in most experimental pain studies activate a nonspe- 
cific spectrum of fibers. High energy laser light, 
however, activates nociceptors selectively (9), and is 
therefore better when studying changes in the noci- 
ceptive pathway (6). This method of laser stimulation 
is shown in the present study to be useful for quan- 
titative evaluations of local analgetics. The sensory 
and pain thresholds to laser stimuli are very sensitive 
for detection of changes in skin conditions and 
changes in receptor response characteristics. 


Placebo Cream Application and Placebo Infiltration 
Change the Sensory and Pain Thresholds 


Placebo injection. Placebo injections (NaCl 0.9%) 
increased thresholds slightly. The placebo injection 
was a painful experience and could therefore intro- 
duce an offset in the general level of sensitivity. This 
is in accord with findings that concurrent subacute 
pain increases the pain threshold to noxious electrical 
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stimuli (10). However, the increase in thermal thresh- 
olds could also be due to the increased water content 
in the skin, which increases the heat capacity. 


Placebo application. Application of a placebo cream 
also increased the thresholds slightly, presumably 
because of the moisturizing effect of the cream base, 
which increases the water content and thus the heat 
capacity of the upper skin layers. This increased 
intracutaneous water content tends to absorb part of 
the laser energy and, thus, tends to increase the 
thresholds. 


The Analgetic Effect of EMLA May Be Comparable 
to Lidocaine Infiltration 


The analgetic efficiency of EMLA cream increased 
with longer application times (60 to 120 minutes); the 
effect after 2 hours of application was similar to local 
analgesia produced by conventional lidocaine infiltra- 
tion. With clinical use of EMLA cream, one may 
anticipate a delay in onset of analgesia. In some 
cases, this may be unacceptable, but for venipuncture 
in children, minor skin surgery and laser therapy for 
hemangiomas the cream may be useful for elimina- 
tion of painful injections. 


The Analgetic Effect of EMLA Increases After 
Removal of the Cream 


Previous studies have shown that the effect of EMLA 
cream evaluated by pain scores increases with in- 
creasing application time (4,8), whereas Dohlwitz 
and Uppfeldt (11) were not able to demonstrate any 
effect of prolonged application times. The manufac- 
turer's recommended application time of 60 minutes 
is insufficient to produce full analgesia in normal 
adult skin on the dorsum of the hand. Differences in 
effect and onset time may be anticipated for different 
locations on the body because of variation in skin 
thickness and blood flow. However, when 15 min- 
utes was allowed after removal of the cream, pain 
block was obtained. Application times of 80 minutes 
were necessary to obtain total sensory blockade. The 
total sensory blockade was obtained 40 minutes after 
removal of the cream. To obtain total sensory block- 
ade immediately after removal of the cream, an 
application time of 100 minutes minimum is required. 

With 15, 30, and 60-minute application times, the 
maximal effect on both the sensory and pain modal- 
ities occured after removal of the cream from the skin 
surface. This is similar to the findings of Evers et al. 
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(8) and it may indicate that a reservoir of anesthetic is 
located and stored in the upper skin layers during 
application. After the cream is removed, the diffusion 
to the deeper skin layers continues and the lidocaine 
and/or prilocaine may accumulate in different compo- 
nents of the lower skin layers. Selective uptake and 
even transport of analgetics in the nervous tissues 
may also be responsible for the later and less pro- 
nounced effect observed on the sensory thresheld 
than on the pain threshold. 

The results suggest new indications for the use of 
EMLA cream with different recommendations tor 
application times. In the dermatologic outpatient 
clinic, we use EMLA cream for laser treatment of 
hemangiomas of the face. The patients apply the 
cream at home under occlusion for 1 hour, remove 
the cream and, while coming to the hospital, the 
effect increases sufficiently to abolish pain during 
treatment. 


The Shape of Laser-Induced Pain-Related Cortical 
Responses Is a Sensitive Model for Evaluation of 
Local Analgetics 


Recordings of cortical responses to experimental ar- 
gon laser-induced pain have recently been described 
(7,12) and are found to be a sensitive method when 
topically applied analgetics are evaluated and com- 
pared. The amplitude of the pain-related cortical 
responses elicited by high energy lasers correlate, for 
example, with subjective pain ratings (7,13-18). The 
amplitudes of cortical pain-related responses are 
modulated by local analgetics, as reflected by trends 
in analgetic levels measured by changes in thresholds 
during the periods of increasing and decreasing an- 
algesia. 

The shape (latency and amplitude) of the cortical 
evoked responses provides information on 1) the 
reduction in pain sensitivity compared with the pre- 
analgetic levels; and, 2) perceptual changes intro- 
duced by the analgesia. When nothing was felt, no 
cortical responses could be recorded, indicating that 
no proprioceptive, muscle, or other afferents were 
activated by the thermal pulses from the argon laser. 
When pain alleviation was complete, prepain sensa- 
tions of warmth, touch and nonpainful pinpricks 
were still perceived. The sensation of local warmth 
was accompanied by a cortical response 200 to 300 ms 
later than the normal pain related complex. 

The sensation of warmth is of special interest 
because lidocaine is known to block the formation 
and transmission of action potentials in thin unmye- 
linated fibers before the thicker myelinated fibers. 
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The sensation of warmth may be transmitted by thin 
unmyelinated C-fibers (19), whereas the pain of a 
pinprick arises from activation of nerve endings in- 
nervated by myelinated Aéd-fibers (9,20), and the 
sensation of warmth should, therefore, under normal 
conditions disappear before the pinprick sensation. 
Our findings thus suggest that warmth receptors, or 
at least part of them, may be located in a deeper 
dermal layer, and therefore are not reached by effec- 
tive concentrations of analgesics. It is generally ac- 
cepted that the main parts of the sensory nerve fibers 
terminate in the upper part of dermis around the 
papillary capillaries under the epidermal/dermal 
junction (21), but the anatomic position and distribu- 
tion of warmth receptors have not been fully evalu- 
ated. 


Conclusion 


Recordings of cortical responses are often preferable 
to threshold determinations because the shape of the 
cortical response contains information on perceptual 
changes to the stimulus, whereas the threshold mea- 
surements mainly reflect changes in sensitivity to the 
stimulus. When both sensitivity changes and percep- 
tual changes are to be studied, a combination of 
threshold determinations and cortical response re- 
cordings elicited by argon laser stimuli is an optimal 
quantitative method. High energy argon laser stimu- 
lation is recommended as a thermal stimulator in the 
study of local analgesia because the laser light pene- 
trates through epidermis and reaches the deeper 
dermal layers where part of the receptors might be 
located and is, therefore, a suitable model for mea- 
surement of pain arising from surgical skin incisions. 
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Esmolol Decreases the Adverse Effects of Acute Coronary Artery 
Occlusion on Myocardial Metabolism and Regional Myocardial 


Blood Flow in Dogs 
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This study was designed to test the hypothesis that pB- 
adrenergic receptor blockade with esmolol would decrease 
the hemodynamic and myocardial metabolic impairnent 
produced by left anterior descending coronary artery 
(LADa) occlusion. Twenty-three anesthetized open-caest 
dogs underwent direct cannulation of the LADa, its cam- 
panion vein (LADv), and a distal circumflex vein (CF Xv) 
for blood sampling. All dogs were subjected to two consec- 
utive 15-minute periods of total LADa occlusion; grop 1 
(n = 11) received an infusion of esmolol (150 ugk ' 
-min` ') during either occiusion period (randomly assigned) 
and group 2 (n = 12) received no intervention during either 
occlusion period, One hour of reperfusion was interpesed 
between the two periods ef LADa occlusion. Hemodynamic 
measurements were made and blood was sampled from the 
aorta, CFXv, LADa, and LADv before and during oth 


The extent of myocardial ischemic necrosis causec by 
coronary artery occlusion is affected by physiologic 
and pharmacologic interventions, both experimen- 
tally and clinically (1). Because propranolol decreases 
the effect of myocardial ischemia experimentally (2) 
and reduces mortality from myocardial infarction 
during long-term oral administration clinically (3), we 
questioned whether transient B-blockade might de- 
crease the effect of ischemia during intermittent pe- 
riods of stress, as may occur intraoperatively during 
cardiac or major vascular surgical operations. Esmo- 
lol, a semiselective, B-one adrenergic receptor antag- 
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periods of LADa occlusion. Without esmolol infusion, 
LADa occlusion was associated with decreases in stroke 
index, coronary perfusion pressure, and left ventricular 
stroke work index; with esmolol infusion these hemodyna- 
mic decrements did not occur. During both LADa occlusion 
periods in both groups, lactate extraction became negative, 
ie., there was net lactate production. Despite this, the 
magnitude of lactate production was less with esmolol than 
without it. Finally, average endocardial-to-epicardial blood 
flow ratio in the LAD perfusion area was decreased during 
each LAD occlusion period except when esmolol was in- 
fused, during which the baseline value was maintained. 
Thus, infusion of esmolol during temporary LADa occlu- 
sion preserved certain hemodynamic variables, preserved 
the ratio of endocardial-to-epicardial blood flow, and de- 
creased the apparent magnitude of lactate production. 


Key Words: HEART—coronary blood flow. 
SYMPATHETIC NERVOUS SYSTEM, 
PHARMACOLOGY—esmolol. 


onist, has an extremely brief duration of action (4,5). 
This agent therefore could produce a transient block- 
ade of cardiac B-receptors when the myocardium is 
vulnerable to ischemia as a result of increased adre- 
nergic neural tone, increased circulating catechola- 
mines, or altered hemodynamic variables during a 
surgical operation. In this study, we tested the hy- 
pothesis that such a transient B-adrenergic receptor 
blockade produced by esmolol would permit sus- 
tained myocardial performance while decreasing is- 
chemic anaerobic metabolism in a canine model of 
acute coronary artery occlusion (6,7). 


Materials and Methods 


Twenty-three adult mongrel dogs of either sex, rang- 
ing in weight from 14.6 to 20.0 kg, were premedicated 
with an IM dose of morphine sulfate (2.5 mg/kg) 
given 30 minutes before anesthetic induction. Anes- 
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thesia was induced with 16 mg/kg thiamylal and was 
maintained with a continuous infusion of a- 
chloralose (10 mg/kg/h). For each dog, the trachea 
was intubated and the lungs were mechanically ven- 
tilated with an air-oxygen mixture to keep Pao, 
between 90 and 130 mm Hg and Paco, between 30 
and 40 mm Hg. Catheters were introduced into the 
pulmonary artery (PA) and the aorta (Ao) through 
the femoral vein and artery to measure cardiac output 
(CO) (by thermodilution) and pressures. After a left 
fifth interspace thoracotomy, the heart was sus- 
pended in a pericardial cradle. The left ventricle (LV) 
was cannulated from the left atrium (LA) with a 
transducer-tipped catheter (Millar) to measure LV 
pressure and its first derivative (LV dP/dt). The left 
anterior descending coronary artery (LADa) was iso- 
lated proximal to the first major apical diagonal 
branch and loosely surrounded with a silastic ligature 
fashioned into a pseudo-Rummel tourniquet by using 
14- to 18-gauge red rubber tubing. The exact location 
of the ligature was selected so that a 10- to 15-second 
occlusion of the LAD produced obvious cyanosis of 
the cardiac apex. Teflon catheters (24-gauge) were 
placed into the LAD distal to the ligature, into the 
adjacent coronary vein (LADv), and into a distal 
circumflex vein (CFXv) (8). The catheters were fixed 
in place by using a 5-0 prolene suture placed into the 
epicardium adjacent to the point at which the cathe- 
ter entered the vessel. 

Electrocardiogram (ECG) (standard lead II) and 
heart rate (HR) were recorded continuously; CO was 
measured in triplicate using 5 cc of 4°C injectate and 
a thermodilution CO computer (model #9520A, Ed- 
wards Laboratories). Pulmonary artery and Ao pres- 
sures (systolic, diastolic, and mean), LV end-diastolic 
pressure (post “A” wave), and LV dP/dt (obtained 
electronically) were recorded continuously by using 
the Millar catheter (LV) or calibrated Gould-Statham 
P 50 transducers (PA and Ao). Rigid, saline-filled 
polyethylene tubing (Cobe, Inc.), 4-feet-long, con- 
nected the PA and Ao transducers and the respective 
catheters. All standard transducers were calibrated 
with a mercury manometer and checked for drift 
before each measurement. The directly visualized LA 
was taken as the zero reference for calibration. Car- 
diac index (CI), stroke volume index (SVI), coronary 
perfusion pressure (CPP) (Ao diastolic-LV end- 
diastolic), left ventricular stroke work index (LVSWI), 
and total systemic (SVR) and pulmonary (PVR) vas- 
cular resistances were calculated from measured vari- 
ables by accepted hemodynamic formulae (9). 

For each experiment, two periods of total LADa 
occlusion were produced by tightening the previ- 
ously placed ligature. After 15 minutes of total LADa 
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occlusion, the ligature was released and the LAD 
opened to restore normal perfusion for 1 hour, after 
which a second 15-minute period of ischemia was 
induced. Data were collected before and at the end of 
each LADa occlusion period. The dogs were arbi- 
trarily assigned to one of two groups that were 
studied consecutively. In group 1 (n = 11), an esmolol 
infusion (150 ug-kg`*-min™') was begun before either 
the first or second LADa occlusion period by random- 
ized assignment; randomization of esmolol treatment 
to period 1 or 2 was performed after the initial 
preparation as described. In group 2 (n = 12), no 
experimental intervention was used during either 
LADa occlusion period. Isoproterenol (5 ug) was 
injected before LADa occlusion and the resultant HR 
recorded for both LADa occlusion periods in both 
groups so that the magnitude of any residual B- 
blockade from an antecedent esmolol infusion could 
be assessed. The isoproterenol challenge was given 
before each LADa occlusion in both groups and the 
LADa was not occluded until HR had returned to the 
preisoproterenol value. Thus, the possible effects of 
esmolol (treatment, group 1) and the effects of the 
sequential design of the study (control, group 2) were 
controlled. In both groups, before and at the end of 
each LADa occlusion period, blood was sampled 
frem the Ao, PA, LADa, LADv, and CFXv for mea- 
surement of blood gas tensions, pH, and concentra- 
tions of lactate, glucose, sodium (Na), and potassium 
(Ki and for calculation of base excess (BE) or deficit. 

For microsphere injection, an 18-gauge catheter 
was placed into the left atrial appendage. Approxi- 
mately 1.5 x 10° (1-cc solution) 15-um diameter, 
radionuclide-labeled microspheres (isotopes of Nb, 
Sr, Sc, Cr, and Ce selected randomly) were injected 
into the LA over 20 seconds. The injecting syringe 
and tubing were flushed immediately with 10 ml 
normal saline. The reference sample was obtained by 
aspiration of arterial blood at a constant rate (22.9 
cc/min) from the Ao by using a Harvard pump 
beginning 15 seconds before microsphere injection 
and continuing for 2 minutes. At the conclusion of 
each study, transmural samples of LV myocardium 
(approximately 2 g each) were obtained, three from 
normal-appearing myocardium outside the distribu- 
tion of the occluded vessel and three from cyanotic 
myocardium within the distribution of the occluded! 
vessel. Each sample was divided into endocardial 
(En) and epicardial (Ep) halves and weighed. Refer- 
ence blood samples, myocardial tissue samples, in-: 
jecting syringes, and associated catheters and tubing 
were placed into polyethylene tubes and radioactive 
emissions were measured by a gamma counter 
(model 1282, LKB Wallach) that corrected for emis- 
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Table 1. Hemodynamic Effects of Left Anterior Descending Coronary Artery Occlusion With and Without Esmolol 





Period 1 


Before 
occlusion 
Heart rate (beats/min) 
Control 105 + 2 
Treatment 103 + 2 
Mean arterial pressure (mm Hg) 
Control 95 + 10 
Treatment 92+4 
Coronary perfusion pressure (mm Hg) 
Control 70 +9 
Treatment 63 +4 
Stroke volume index (ml-beats '-m °) 
Control 42.6 + 4.7 
Treatment 25.2 + 3.3 
Left ventricular stroke work index 
(gm *-beats ') 
Control 54.7 + 10.7 
Treatment 29.4 + 4.0 
First time derivative of left ventricular 
pressure (mm Hg/min) 
Control 1886 + 165 
Treatment 1688 + 219 
Vascular resistances 
Systemic (dynes-sec-cm `°) 
Control 2584 + 289 
Treatment 4906 + 830 
Pulmonary (dynes:sec-cm “) 
Control 307 + 39 
Treatment 654 + 89 


Period 2 


During Betore During, 
occlusion occlusion occlusion 
116 + 6” 103 + 4 110 +4 
104 +3 112+4 104+ 6 

79. + 10° 80 + 11 70+9 
8&8 +8 93 +7 Py ae | 

56 + 9° 59 + 10 45 + 8* 
62 +8 7427 53. 7° 
31.0 + 5.3° 29.2 + 4.1t 23.9 + 4.4 
22.2 + 1.4 27.4 + 4.5 11.4 + 1:9*ł 
34.8 + 9.9" 34.6 + 8.7t 24.5 + 7.3 
24.9 + 3.4 337 72 10.2 + LEF 
1647 + 214 1831 + 201 1664 + 286 
1481 + 199 1725 + 170 1350 + 212* 

2776 + 352 3107 + 247 3359 + 392 
4679 + 650 4654 + 1044 9141 + 1553" 
561 +57" 453 + 44+ 612 + 44" 
852 + 100 580 + 94 1691 

+ 175*f§ 





For the treatment group, esmolol treatment data are given under penod 1, even though esmolol treatment was actually randomly assigned to either period 
1 or 2 for each subject. The control group received no treatment during either period 

The following symbols apply to all tables in this article, but each symbol does not necessarily appear in each table. 

*P < 0.05 compared with before occlusion in the same period in the same group 


tP < 0.05 compared with before occlusion in period 1 in the same group 
P < 0.05 compared with during occlusion in period 1 in the same group, 


§P < 0.05 compared with the change in period 1 in the same group 


sion data from background and Compton crossover 
on-line. Regional myocardial blood flow (RMBF) was 
calculated from emission data (10). For each heart, En 
and Ep RMBF were calculated for both normal end 
ischemic myocardial regions by weighted averaging 
of the RMBF data from each tissue sample. The En Ep 
ratio was calculated for both normal and ischemic 
myocardium for each dog by using these weighted 
mean data. 

Data from each dog were collated to allow grouped 
comparisons. Analysis of variance by multifactorial 
repeated measure design (ANOVA PC) with post oc 
testing by either the Duncan test or paired t-test with 
Bonferroni correction was used to determine signifi- 
cant variability within groups. The control group was 
used to test the effect of time alone on the data (Le., 
difference between periods 1 and 2 without any 
treatment). The treatment group, in which esmolol 
treatment was randomly allocated to only one obser- 


vation period, was used to test the effect of esmolol; 
therefore, treatment group data are always presented 
as period | data (Tables 1 to 5), even though the 
actual assignment of esmolol was randomized to 
either period 1 or 2, and data from control and 
treatment groups were not statistically compared. 
Results are expressed as means + sem. A probability 
of chance occurrence of <5% (P < 0.05) was consid- 
ered significant. All relevant institutional policies 
regarding the care of experimental animals were 
followed, and appropriate approval was obtained for 
this study. 


Results 


Six of the 23 dogs studied under this protocol were 
excluded from the results: 1 because of refractory 
hypoxemia, 1 because of severe electrolyte abnormal- 
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Table 2. Metabolic Effects of Left Anterior Descending Coronary Artery Occlusion in the Nonischemic Area (CFXv) 


With and Without Treatment With Esmolol 








Period 1 Period 2 
Before During Before During 
occlusion occlusion occlusion occlusion 
Oxygen content (vol %) 
Control 5.1 + 0.9 4.0 + 0.6 41+ 0.8 4.1 + 0.8 
Treatment 5.7 + 0.7 4.4 + 0.6 5.5 + 0.5 51+11 
Carbon dioxide tension (mm Hg) 
Control 42+2 42+3 39 +4 45 + 3* 
Treatment 37 +4 39 +4 40+4 4345 
pH 
Control 7.36 + 0.02 7.35 + 0.02 7.36 + 0.03 7.28 + 0.03*f 
Treatment 7.39 + 0.04 7.37 + 0.04 7.39 + 0.04 7.35 + 0.04* 
Base excess (mEq/L) 
Control —0.3 + 0.9 —0.8 + 0.7 —2.9+41.5 —4.0 + 1.3t 
Treatment 0.0+1.5 —1.0 + 1.0 1.0 + 1.4 —1.6 + 1.0* 
Glucose (mg/100 ml) 
Control 131 +9 114 + 12 111 +11 117 + 13§ 
Treatment 116 + 8 101 + 14 126 + 8 101 +7 
Lactate concentration (mg/100 ml) 
Control 10.7 + 4.0 9.1 + 2.8 6.5 + 2.1 8.8 + 2.6 
Treatment 83415 12.6 + 2.5* 9.3 + 1.8 12.9 + 2.9* 
Potassium concentration (mEq/L) 
Control 3.5 + 0.2 3.4 + 0.2 3.6 + 0.2 3.3 + 0.3 
Treatment 3.3 + 0.3 3.4+0.3 3.9 + 0.7 3.5 + 0.7 
Sodium concentration (mEq/L) 
Control 152 + 3 158 +7 158 + 7 149 + 6 
Treatment 156 + 4 167 +7 168 + 12 163 + 6 


For the treatment group, esmolol treatment data are given under period 1, even though esmolol treatment was actually randomly assigned to either period 
1 or 2 for each subject. The control group received no treatment curing either period. 


Superscripts refer to comparisons as noted in Table 1. 


ities, and 4 because of failure to survive both occlusion 
periods. Exclusion rates were not significantly dif- 
ferent for the two groups (3 of 11 for treatment group 
and 3 of 12 for control group). Ventricular fibrillation 
(VF), treated by electrical defibrillation, occurred dur- 
ing LADa occlusion or during reperfusion in 6 of 11 in 
the treatment group and 7 of 12 in the control group. 
Among the six dogs in the treatment group that had 
VF, four were successfully defibrillated; likewise, in 
the control group five of seven episodes of VF were 
successfully defibrillated. The peak occurrence of VF 
was during the early portion of the reperfusion inter- 
val between the two observation periods. 

In the control group, SVI and LVSWI decreased 
and PVR increased before LADa occlusion during 
period 2 compared with period 1 (Table 1). In the 
control group, LADa occlusion decreased SVI, CPP, 
and LVSWI and increased PVR; similar changes were 
seen in the treatment group during LADa occlusion 
without esmolol (period 2) but not during esmolol 
treatment (period 1) (Table 1). 

In the nonischemic area (i.e., CFXv blood samples) 
only slight metabolic changes were noted during 
LADa occlusion. Principally, lactate concentration 
increased in the treatment group (Table 2). This was 


in marked contrast to the metabolic changes noted 
during LADa occlusion in the ischemic zone (i.e., 
LADv blood samples) (Table 3). Both Pco, and lactate 
concentration increased significantly and Po, and pH 
decreased and BE became more negative during both 
periods in both groups. Glucose extraction (coronary 
arteriovenous concentration difference/arterial con- 
cer-tration) was not affected in the LAD region by 
LADa occlusion in either group (14.6 + 5.6% vs 10.5 
+ 6.9%, period 1 vs period 2 in the treatment group 
and 12.9 + 5.8% vs 11.8 + 9.7% for corresponding 
values in the control group). Lactate extraction, sim- 


ilarly calculated, was markedly decreased during 
LADa occlusion (Table 4, where negative lactate 
extzaction values indicate net production of lactate).’ 
However, during LADa occlusion, this value was less’ 


with esmolol than without it (Table 4). 

Regional myocardial blood flow was dpan 
decreased in both groups in the LAD area during 
LA)a occlusion. Esmolol treatment did not appear to 
affect the change in RMBF with LADa occlusion 
because the effect in the treatment group was similar 
during both periods (70 + 14 to 9 + 3 ml-min™1-100 
g`! with esmolol and 72 + 6 to 6 + 3 ml-min “1.100 
g ‘without esmolol, n = 6, P > 0.05). In contrast, the 


— 
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Table 3. Metabolic Effects of Left Anterior Descending Coronary Artery Occlusion in the Ischemic Area (LADv) With 


and Without Treatment With Esmolol 








Period 1 Period 2 
Before During Before During 
occlusion occlusion occlusion occlusion 
Oxygen content (vol %) 
Control 7.1413 2.2 +:0:5% 5.0 + 0.9 3:1: 2:0.7" 
Treatment 6.1 + 0.5 8 + 0.8" 5.8 + 0.8 r S Se l A: 
Carbon dioxide tension (mm Hg) 
Control 40 +2 Shas 4143 54+ 4° 
Treatment 37 +4 49 + 4 4144 55 +5" 
pH 
Control 7.36 + 0.02 7.22 + 0.04" 7.35 + 0.02 7.14 + 0.02" 
Treatment 7.40 + 0.04 7.27 + 0.04" 7.39 + 0.05 7.20 + 0.03" 
Base excess (mEq/L) 
Control Lat 10 —S 1% EF —1.7 +13 - = 
Treatment OTS KS —3.7 + 1.0° Ls 14 -5.6 + 1.4* 
Glucose (mg/100 ml) 
Control 129 + 13 98 + 8* + 99 + 11 
Treatment 113 + 10 110 + 14 31 + 12 112 + 11 
Lactate concentration (mg/100 m!) 
Control 8.5 + 3.1 26.2 + 10.0" 8.3: + 3:1 25.9 + 9.5" 
Treatment 9.4: 1:9 25:0. 5,2° 10,0 + 2.2 35.7 + 8.8"t§ 
Potassium concentration (mEq/L) 
Control 3.8 + 0.4 4.2 + 0.3 3.4 + 0.2 4.1 + 0.4 
Treatment 3.4 + 0.5 4.1.2 0.37 3.8 + 0.6 4.1+ 0.6 
Sodium concentration (mEq/L) 
Control 163 + 7 155 +3 158 + 4 149 +8 
Treatment 161 +8 166 + 5 172 + 12 170 + 9 





For the treatment group, esmolol treatment data are given under penod |, even though esmolol treatment was actually randomly assigned to either period 
| or 2 for each subject. The control group received no treatment during either period 


Superscripts refer to comparisons as noted in Table 1. 


Table 4. Lactate Extraction During Left Anterior Descending Coronary Artery Occlusion With and Without Treatment 


With Esmolol 








Period 1 Period 2 
Before During Before During 
occlusion occlusion occlusion occlusion 
Aorta to circumflex vein 
Control 1.5 + 8.5 eR F4 15.5 + 6.0 2.9 + 12 
Treatment 23.2 + 8.9 —10:8 + 30,2 S17 = 3:0 —0.4 + 13.5 
Left anterior descending 
coronary artery to vein 
Control 14.6 + 6.6 -108.1 + 37.3* 6:7 + 7:9 -177.3 + 82.5” 
Treatment 12.0 + 10.1 -29.4 + 16 27.7 + 5.4 -107.2 + 34.3°4§ 





For the treatment group, esmolol treatment data are given under period 1, even though esmolol treatment was actually randomly assigned to either period 
1 or 2 for each subject. The control group received no treatment during either period 


Superscripts refer to comparisons as noted in Table 1. 


En:Ep flow ratio in the LAD region decreased during 
each period without esmolol but was unaffected 
during LADa occlusion with esmolol (Table 5). Both 
O, delivery and O, consumption in the LAD «rea 
declined during LADa occlusion but the O, utiliza- 
tion ratio (O, consumption/O, delivery) was not 
affected. Calculated mass kinetics of lactate (myocar- 
dial extraction or production) per minute (calculeted 
by lactate arteriovenous differences times the RMBF) 


showed greater production of lactate during ischemia 
without esmolol than with it, whereas values from 
the two sequential ischemic periods in the control 
group did not differ (Table 5). 


Discussion 


The major finding of this study is that esmolol infu- 
sion, when started before and continued through 


+ 
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Table 5. Effect of Left Anterior Descending Coronary Artery Occlusion on Metabolic and Blood Flow Variables in the 


Ischemic Area With and Without Treatment with Esmolol 


























Period 1 Period 2 
Before During Before During 
occlusion occlusion occlusion occlusion 

Ratio of endocardial-to-epicardial 

blood flow 

Control (n = 6) 0.98 + 0.10 0.67 + 0.10* 1.10 + 0.10 0.70 + 0.10* 

Treatment (n = 7) 1.15 + 0.08 1.04 + 0.17 1.20 + 0.09 0.71 + 0.09%} 
Oxygen delivery - 

(ml-107?.min™*.10071) 

Control (n = 5) 16.6 + 1.6 3.7 + 1.2" 12.4 + 2.3 2.3 + 0.6" 

Treatment (n = 6) 9541.3 13 + 0.5* 10.6 + 1.3 1.1 + 0.6" 
Oxygen consumption 

(ml-10~?.min=!.100 g~) 

Control (n = 5) 9.4 + 0.6 1.4 + 0.5* 7.8+1.3 2.3 + 0.4% 

Treatment (n = 6) 5.2+ 0.8 0.7 + 0.4* 6.0 + 1.0 0.8 + 0.15* 
Actual mass of lactate (mg 

lactate-min™1-100 g of 

myocardium?) 

Control (n =6) 1.04 + 1.18 -1.73 + 1.15 —0.56 + 1.28 —4.71 + 3.14 

Treatment (n = 6) 0.80 + 0.87 —0.54 + 0.37 2.97 + 1.36 —1.13 + 1.04* 





Fo: the treatment group, esmolc] treatment data are given under period 1, even trough esmolol treatment was actually randomly assigned to either period 
1 or 2 for each subject. The control group received no treatment during either period. The numbers in parentheses indicate the number of subjects used for 
the data analyses—the ANOVA program eliminated incomplete data sets and som2 RMBF data points were lost due to technical difficulties with sample 
processing or reference blood sampling. Actual mass of lactate was calculated from arteriovenous difference times the RMBF. 


Suverscripts refer to comparisons as noted in Table 1. 


LADa occlusion, decreases lactate production and 
hemodynamic impairment caused by ischemia. 
Moreover, there is relative preservation of endocar- 
dial blood flow with esmolol during ischemia, despite 
the fact that there was not a measurable improvement 
of total blood flow to the ischemic tissue, nor did 
regional O, delivery improve with esmolol. 

Two periods of ischemia were induced consecu- 
tively in this study, and this segmental design could 
have affected the comparisons of hemodynamic and 
metabolic data between periods. However data from 
the control group showed only minor hemodynamic 
differences between periods both before and during 
LADa occlusion (Tables 1 to 4). Metabolic measure- 
ments in the control group show a higher level of 
acidemia and more negative BE during LADa occlu- 
sion in both CFXv and LADv samples during period 
2 than during period 1, which indicates some time- 
related changes in those measurements in this model. 
Similar changes were not apparent in the treatment 
group because, by experimental design, the data for 
that group were collated by presence or absence of 
esmolol treatment, not by time period. Also, in the 
treatment group, for all parameters, the values mea- 
sured before LADa occlusion were similar to those 
during the two LADa occlusion periods. Thus, before 
LADa occlusion, values were similar during both 
observation periods in both groups. Also, we have 
obtained similar results in another untreated control 


group in a different study with the same animal 
model (6). The control group and treatment group 
were different sets of animals and were studied 
consecutively. Accordingly some differences in base- 
line data are to be expected, but statistical comparison 
of che two groups in this model is neither appropriate 
noz necessary. 

This canine experimental model, with its abundant 
coronary collateral circulation, single isolated coro- 
nary artery occlusion, and normal collateral-bed sup- 
ply vessels, differs from the clinical situation, in 
which multiple coronary lesions of varying length 
and degree of stenosis are often present. Deleterious 
effects observed in this model might be amplified 
clinically. Also, beneficial effects related to abundant 
carine collateral flow might not occur clinically, 
where collateral channels are less well developed. 

Given the extensive collateral flow networks in 
canine myocardium, it may not be reasonable to 
consider the LAD and CFX samples obtained during 
LADa occlusion as representative of totally ischemic 
vs <otally normal myocardium, respectively. Indeed, 
even during esmolol treatment, lactate concentration 
increased in CFXv (normal area) samples. This prob- 
ably indicates some “contamination” of those venous 
samples with blood from the ischemic area (Tables 3 
and 4). However, overall, the blood gas, pH, and 
mezabolite measurements showed marked differ- 
ences between the LAD and CEX perfusion areas 
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during LADa occlusion, which indicated a severely 
ischemic state in the LAD perfusion area. 

In the treatment group, the actual mass of lactate 
produced by the myocardium (negative value = 
production), which takes into consideration the arte- 
riovenous lactate difference as well as the blood flow 
to the area, was greater (worse) during ischemia 
without esmolol. These data (Table 5) agree with data 
derived from the more “conventional” calculation of 
lactate production (Table 4) (arteriovenous difference 
as percentage of arterial value) (11). In contrast, in the 
control group, values for the actual mass of ischemic 
zone lactate produced during either ischemic penod 
do not differ significantly from control data (Table 5). 
This is important because it differs from the results 
obtained when only the fractional arteriovenous lac- 
tate difference is used to indicate lactate production 
(Table 4). The probable reason for this difference is 
the influence of actual blood flow, which is ignored 
by conventional lactate extraction calculations. For a 
given mass of lactate produced, a decreased blood 
flow would increase the measured concentration 
(mg%) of lactate in venous samples. In several recent 
investigations, including two that were interpreted as 
indicating “coronary steal,” the method used to cal- 
culate lactate production did not account for any 
changes in myocardial blood flow, even though flow 
(to great cardiac vein or coronary sinus) was mea- 
sured (12-14). Clearly, quantitating the degree of 
anaerobic metabolism requires calculation of the ac- 
tual mass of lactate produced, not just the arteriove- 
nous concentration difference. 

In conclusion, we have shown that esmolol infu- 
sion, at a rate of 150 yg-kg min ', decreased he- 
modynamic impairment produced by ischemia and, 
at the same time, despite the marked decrease in total 
regional blood flow, preserved the balance between 
endocardial and epicardial blood flow. Esmolo! infu- 
sion also decreased lactate production in the ischemic 
area during LADa occlusion, but the balance between 
regional O, consumption and O, delivery was not 
affected by esmolol. Whether a higher dose might 
have been more effective in this model is speculative. 
However, higher doses of esmolol (>200 
ug-kg 'min ') have increasingly negative inotropic 
effects (15). Because HR was controlled artificially in 
this study and SVI and CPP were not affected signif- 
icantly during ischemia with esmolol treatment, the 
metabolic changes are likely to be a direct effect of the 
drug, rather than an effect of hemodynamic alter- 
ations. This study indicates that use of esmolol dur- 
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ing anesthesia could ameliorate the effects of surgical 
stress and hemodynamic instability in patients at risk 
from myocardial ischemia. 


We gratefully acknowledge the editorial expertise of Ms. Lynn M. 
Carroll and the technical assistance of Mr. William R. Rush. We are 
also grateful to American Critical Care for supplying esmolol for 
the study, 


References 


1. Maroko PR, Braunwald E. Modification of myocardial infarc- 
tion size after coronary occlusion. Ann Intern Med 
1973;79:720-33. 


2. Libby P, Maroko PR, Covell JW, Malloch CI, Ross J tr, 
Braunwald E. Effect of practolol on the extent of myocardial 
ischaemic injury after experimental coronary occlusion and its 
effects on ventricular function in the normal ischaemic heart. 
Cardiovasc Res 1973;7:167-73. 

3. Beta-blocker Heart Attack Trial Research Group, A random- 
ized trial of propranolol in patients with acute myocardial 
infarction. |. Mortality results, JAMA 1982;247;1707-14. 

4. Sonnenblick EH. A symposium: esmolol—an ultrashort-acting 

intravenous beta blocker. Am J Cardiol 1985;56:1F—62F. 

. Gorezynski RJ, Shaffer JE, Lee RJ. Pharmacology of ASL-8052, 

a novel beta-adrenergic receptor antagonist with an ultrashort 
duration of action. | Cardiovasc Pharmacol 1983;5:668-77. 


vw 


6. Sidi A, Rush W, Davis RF. Effect of sufentanil on regional 
myocardial metabolism during acute ischemia in dogs (abst). 
Can | Anaesth 1987;34:5113-S114. 


. Davis RF. The effect of isoflurane on myocardial ischemia in 
dogs during coronary artery occlusion (abst). Anesth Analg 
1986;65:540, 


8. Sidi A, Rush WR, Davis RF. Coronary artery and vein cannu- 
lation in dogs without impairing regional myocardial blood 
flow (abst). Fed Proc 1986;46:1141. 


9. Yang SS, Bentivoglio LG, Maranhao V, Goldberg H. From 
cardiac catheterization data to hemodynamic parameters. 2nd 
ed. Philadelphia: FA Davis, 1978. 

10. Heymann MA, Payne BD, Hoffman JIE, Rudolph AM. Blood 
flow measurements with radionuclide-labeled particles. Prog 
Cardiovasc Dis 1977;20;55-79. 

11. Merin RG, Kumazawa T, Luka NL. Myocardial function and 
metabolism in the conscious dog and during halothane anes- 
thesia. Anesthesiology 1976;44:402-15. 


12. Rydvall A, Haggmark S, Nyhman H, Reiz S. Effects of en- 
flurane on coronary haemodynamics in patients with ischae- 
mic heart disease. Acta Anaesthesiol Scand 1984:28:690-5. 


13. Moffitt EA, Sethna DH. The coronary circulation and myocar- 
dial oxygenation in coronary artery disease: effects of anesthe- 
sia, Anesth Analg 1986;65:395-410. 

14. Reiz S, Ostman M. Regional coronary hemodynamics during, 


isoflurane-nitrous oxide anesthesia in patients with ischemic 
heart disease. Anesth Analy, 1985;64:570-6. 


15. de Bruijn NP, Croughwell N, Reves JG. Hemodynamic effects 
of esmolol in chronically beta-blocked patients undergoing 
aortocoronary bypass surgery. Anesth Analg 1987;66:137-41. 


ANESTH ANALG 131 
1988;67:131-6 





The Overstated Risk of Preoperative Hypokalemia 


Irving A. Hirsch, Mp, David L. Tomlinson, Mp, Stephen Slogoff, mp, and 


Arthur S. Keats, MD 





HIRSCH IA, TOMLINSON DL, SLOGOFF S, KEATS AS. 
The overstated risk of preoperative hypokalemia. Anesth 
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To examine the relation between preoperative hypokalemia 
and frequency of intraoperative arrhythmias, Holter moni- 
toring was employed in 447 patients undergoing major 
cardiac or vascular operations, the group at greatest risk for 
life-threatening arrhythmias. Based on serum potassium 
levels measured immediately before surgery, 57% of pa- 
tients were normokalemic (=3.6 mEq/L), 34% hypokalemic 
(3.1-3.5 mEq/L), and 9% severely hypokalemic (<3.0 
mEq/L). No arrhythmia occurred at any time in 63% of 
patients and minor arrhythmias (premature atrial and 


occasional premature ventricular contractions) occurred in 
16%. Frequent or complex ventricular ectopy appeared 
before and during operation in 92 patients (21%) but was 
not related to preoperative potassium level or history of 
long-term diuretic therapy. Frequent and complex ventri- 
cular arrhythmias were more common in patients with a 
history of long-term digoxin therapy or congestive heart 
failure. Even among these patients, hypokalemia or diuretic 
therapy did not increase the incidence or severity of ectopy. 
These data fail to support the common practice of delaying 
operation for acute potassium replacement in patients whose 
preoperative serum potassium is less than normal, even in 
the presence of cardiovascular disease. 


Key Words: IONS—potassium. 





Current practice among internists, surgeons, and 
anesthesiologists requires that serum potassium be 
measured preoperatively in all patients on long-term 
diuretic therapy and in most other adult patients 
before major operations. This is based on the widely 
held belief that preoperative hypokalemia predis- 
poses to potentially life-threatening arrhythmias dur- 
ing general anesthesia (1,2). As a consequence, pa- 
tients with less than normal potassium levels receive 
acute potassium replacement intravenously before 
surgery or have their operation postponed for oral 
replacement therapy. Vitez et al. (3) recently noted 
that intraoperative arrhythmias were no more fre- 
quent in 62 generally healthy patients with chronic 
hypokalemia (potassium <3.5 mEq/L) than in 88 
normokalemic patients undergoing similar opera- 
tions. In view of the occasional mortality from acute 
potassium replacement and costs of deferring sur- 
gery, they recommended operations not be post- 
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poned on this account alone. Few patients in their 
study, however, had heart disease or underwent 
operations commonly associated with cardiac compli- 
cations and few were digitalized (4). Such patients are 
considered at highest risk for hypokalemic arrhyth- 
mias. For more than two decades we have not post- 
poned operations on the basis of a routine preopera- 
tive potassium value, nor have we acutely treated low 
values preoperatively in a patient population per- 
ceived to be at greatest risk. We therefore undertook 
this prospective study to determine the relation be- 
tween preoperative potassium levels and intraopera- 
tive arrhythmias during general anesthesia in pa- 
tients with heart disease who are taking cardiac drugs 
chronically, including digitalis, before undergoing 
operations commonly associated with cardiac compli- 
cations such as arrhythmias (Table 1). 


Methods 


This investigation was approved by the institutional 
committee for human research. All 2242 adult pa- 
tients scheduled for elective cardiac or major vascular 
operations from December 1, 1985 to May 31, 1986 
were eligible for study. Based on availability of Holter 
monitors, up to four patients scheduled for first 
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Table 1. Characteristics of 447 Patients Studied for 
Abnormal Cardiac Rhythms During General Anesthesia 


Coronary 
artery 
bypass Intracardiac Vascular 
(n = 309) (n = 64) (n = 74) 
(%) (%) (“a 

Age >60 years 49 38 72 
Males 82 75 58 
Diabetes 17 11 19 
Hypertension 4 30 57 
Congestive heart failure 7 31 8 
History of arrthythmias 12 19 1] 
Ischemic heart disease 

Angina 98 19 27 

Previous MI 60 14 36 

MI <6 months ago 22 0 C 

Ventricular aneurysm 5 3 C 
Previous cardiac operations 16 28 2g 
Chronic drug therapy 

Digitalis 17 50 2 

Diuretics (K+ depleting) 20 38 24 

Calcium entry blockers 76 16 27 

B-Blockers 53 14 H 

Antiarrhythmics F 9 8 
Serum potassium 

=3.6 mEq/L 59 62 46 

3.1-3.6 mEq/L 33 28 £ 

=3.0 mEq/L 8 9 12 


operations in the morning were interviewed each 
evening for inclusion in the study. Of 520 patients 
interviewed (23% of all eligible), 20 were excluded 
because of chronic atrial fibrillation, 28 were excluded 
because they had taken their usual oral potassium 
supplementation within 24 hours of surgery, anc 10 
were excluded because the admitting physician 
treated the preoperative potassium value, which 
ranged from 2.8-3.6 mEq/L, with intravenous potas- 
sium. No patient was given potassium to treat 
arrhythmia. In the 462 remaining patients, plasma 
potassium had been measured from 12-36 heurs 
before operation. During the preoperative interview a 
detailed history of cardiac disease and both long-term 
and recent use of antianginal drugs, digoxin, diuret- 
ics (potassium-depleting), and oral potassium sup- 
plements was obtained. The preoperative rest ECG 
and rhythm strips were examined for arrhythmias. 
On arrival in the operating suite, lead II Helter 
monitoring was begun on all patients and continued 
throughout surgery for vascular operations. All car- 
diac operations required cardiopulmonary bypass. In 
these, monitoring was discontinued just before can- 
nulation of the atrium because this maneuver usvally 
induced arrhythmias and was shortly followec by 
infusion of potassium-containing cardioplegia solu- 
tion into the coronary circulation, invalidating subse- 
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quent observations. Before induction of anesthesia, 
during air breathing, a blood sample for measure- 
ment of pH, and gas tensions and serum potassium 
levels was obtained from an indwelling arterial cath- 
eter and analyzed on an IL 813 pH/blood gas analyzer 
and a NOVA 1 sodium/potassium analyzer. These 
analyses were repeated approximately every 15 min- 
utes after anesthesia throughout the observation pe- 
riod. Based on the serum potassium value just before 
induction of anesthesia, patients were subsequently 
grouped and identified as normokalemic (=3.6 
mEq/L), hypokalemic (3.1-3.5 mEq/L), and severely 
hypokalemic (=3.0 mEq/L). 

Drugs administered for anesthesia included diaze- 
pam by mouth and an intramuscular narcotic with 
scopolamine 0.1-0.2 mg before operation; intrave- 
nous thiopental or diazepam for induction; and halo- 
thane, enflurane or isoflurane with fentanyl for main- 
tenance. Muscle relaxation was provided by 
pancuronium. Mechanical ventilation was adjusted 
to maintain arterial pH within 0.03 unit of the prein- 
duction level. Ringer's lactate solution containing 4 
mEq/L potassium was infused throughout the oper- 
ation. Packed red blood cells were administered to 15 
of the 74 peripheral vascular patients and to none of 
the cardiac patients during the observation period. 
No patient received any supplemental potassium or 
antiarrhythmic drug during the observation period. 
No patient was excluded from the study because of 
arrhythmia. 

Printed Holter monitor scans were independently 
examined in their entirety by two observers (IH,DT). 
In 25 instances of difference in interpretation, a third 
interpretation by a consultant was used. Fifteen pa- 
tients were excluded because their scans were unin- 
terpretable, as a result of excessive electrocautery in 
12 and monitor malfunction in 3. Scans were assessed 
for occurrence, frequency, and complexity of atrial 
and ventricular arrhythmias. For tabulation, when 
multiple arrhythmias appeared, the most complex or 
threatening of them was recorded. All ventricular 
arrhythmias were considered more threatening than 
atrial. Ventricular arrhythmias were first tabulated by 
frequency and complexity. To facilitate data analysis, 
ventricular arrhythmias were classified according to a 
modification of that proposed by Lown and Wolf (5): 
Lown 0, no premature ventricular contractions 
(PVC); Lown 1, occasional isolated PVC; Lown 2, 
frequent PVC (>1/min or 30/hr); Lown 3, multifocal 
PVC; Lown 4, couplets to salvos of PVC. R on T 
phenomenon (Lown 5) was not investigated. Scans of 
447 patients comprise the data base of this report. 
Operations performed included 309 (69%) coronary 
arterial bypass grafting (CABG), 64 (14%) intracardiac 
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(49 valve replacements, 13 valve replacements and 
CABG, 2 left ventricular aneurysmectomies plus 
CABG) and 74 (17%) major peripheral vascular oper- 
ations (36 carotid endarterectomies, 24 abdominal 
aortic operations and 14 femoro-popliteal reconstruc- 
tions). Duration of Holter monitoring in cardiac op- 
erations averaged 63 + 16 minutes and, in peripheral 
vascular operations, 183 + 31 minutes. 

Continuous data were compared statistically by 
analysis of variance and unpaired t-test, frequency 
data by y analysis, and the relation of frequency to 
degrees of hypokalemia by the Wilcoxon-Mann- 
Whitney test. Means are reported with standard 
deviations. 


Results 


Plasma potassium values measured 12-36 hours 
preoperatively were significantly higher than prein- 
duction serum values measured in the operating 
room before anesthesia (Table 2). At neither sampling 
period were the mean potassium levels significantly 
lower in patients being treated with diuretics. As a 
group, however, patients receiving diuretics had a 
higher frequency of severe hypokalemia immediately 
before induction of anesthesia (19% vs 6%, P < 0.01). 
Mean serum potassium values of samples drawn at 
intervals after induction of anesthesia did not differ 
significantly from preinduction values during the 
observation period. By the criteria described, 256 
(57%) patients had serum potassium levels that were 
considered normokalemic, (range 3.6-5.4 mEq/L), 152 
(34%) were hypokalemic, and 39 (9%) were severely 
hypokalemic (range 2.1-3.0 mEq/L) (Table 1, Fig. 1). 

In 280 patients (63%) no arrhythmia appeared at 
any time during the observation period. In 75 pa- 
tients (16%) minor arrhythmias appeared. These in- 
cluded occasional premature atrial contractions in 24, 
salvos of atrial premature contractions in 28, and 
occasional PVC (Lown 1) in 23. Frequent or threaten- 
ing ventricular arrhythmias (complex PVCs) classified 
as Lown 2-4 appeared in 92 (21%) patients. The 
frequencies of these arrhythmias were not signifi- 
cantly related to either preinduction serum potassium 
levels (Fig. 1) or to long-term diuretic therapy. 

Of 92 patients with complex PVCs, 35 were Lown 
2 and included 13 with one to five unifocal PVCs/min, 
10 with six to ten PVCs/min, 4 with more than ten 
PVCs/min, and 8 with more than ten PVCs/min plus 
bigeminy or trigeminy. Of 38 patients with Lown 3, 
23 had one to five multifocal PVCs/min, 6 had six to 
ten multifocal PVCs/min, 1 had more than ten PVCs/ 
min, and 8 had more than ten multifocal PVCs/min 
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Table 2. Preoperative and Preinduction Potassium 
Values of 447 Patients with and without Chronic 
Potassium-Depleting Diuretic Therapy 





Preoperative 


plasma Preinduction 
No. of potassium serum potassium 
patients (mEq/L) (mEq/L) 

All patients 447 3.86 + 0.37” 3.57 = 0.39 
With diuretics 102 3.82 + 0.37" 3.43 + 0.40 
No diuretics 345 3.87 + 0.36" 3.61 + 0.38 

*P < 0.0001 compared with corresponding preinduction potassium 


plus runs of bigeminy. Among the 19 patients with 
Lown 4 arrhythmias, 2 had unifocal PVCs with cou- 
plets, 8 had multifocal PVCs with couplets 1 had 
unifocal, and 8 had multifocal PVCs with runs of 
ventricular tachycardia. Runs of ventricular tachycar- 
dia never lasted more than 10 seconds and, although 
associated with a decrease in blood pressure, all 
terminated spontaneously before treatment could be 
initiated. As with all arrhythmias (Fig. 1), increasing 
severity of ventricular arrhythmia was not related to 
serum potassium level (Fig. 2) or to long-term diuretic 
therapy. Complex PVCs appeared in 22% of normo- 
kalemic patients, 16% of hypokalemic patients, and 
28% of severely hypokalemic patients. 

In 71 of the 92 patients with complex PVCs, the 
arrhythmia was present on arrival to the operating 
room and continued or reappeared intraoperatively 
in 58 of these. Complex PVCs appeared for the first 
time during general anesthesia in only 21 patients. 
Complex PVCs disappeared with anesthetic induc- 
tion in 24 patients and did not recur intraoperatively 
in 13 of these. The appearance or disappearance of 
complex PVCs was not related to any specific anes- 
thetic agent or type of operation, occurring in 19% of 
CABG, 22% of intracardiac, and 24% of vascular 
operations. 

Of all patient characteristics recorded in Table 1, 
only patients with a history of congestive heart failure 
and/or ventricular aneurysm or patients with a his- 
tory of chronic digoxin therapy had significantly 
higher incidences of complex PVCs. The relative roles 
of each could not be statistically distinguished (Table 
3). The distribution of potassium values among the 
100 patients receiving digoxin therapy were not dif- 
ferent from the group without digoxin. In patients on 
digoxin, complex PVC appeared in 40% of those who 
were normokalemic, 27% of those who were hypoka- 
lemic, and 33% of those who were severely hypoka- 
lemic. In patients receiving long-term digoxin and 
diuretic therapy, the incidence of complex PVC was 
40% compared with 32% of those receiving digoxin 
alone (P > 0.05). 
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Figure 1. Relative frequency of three levels of pre- 
operative potassium values (see text) in all patients 
and in patients with no arrhythmias, those with 
atrial arrhythmias only (PAC), occasional prema- 
ture ventricular beats (Lown 1), and multiple or 
complex ventricular ectopy (Lown 2-4). The num- 
bers in parentheses represent the total number of 
patients with each arrhythmia indicated and the 
sum of each trio of bar graphs is 100%. Differences 
among groups are not statistically significant by 
Wilcoxon-Mann-Whitney test. 
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Figure 2. Relative frequency of three levels of preoperative potas- 

sium values (see text) in patients with no (Lown 0) or occasional 
premature ventricular beats (Lown 1), frequent unifocal premeture 
beats (Lown 2), multifocal ventricular beats (Lown 3), or ventricu- 
lar ectopy with couplets or salvos of ventricular beats (Lowa 4) 
The numbers of parentheses represent the total number of patents 
with each arrhythmia indicated and the sum of each trio of bar 
graphs is 100%. Differences among groups are not statistically 
significant by Wilcoxon-Mann-Whitney test 


Premature ventricular complexes were present on 
the routine preoperative ECGs of 28 patients, only 1 
of whom had a history of arrhythmia treated cn a 
long-term basis with an antiarrhythmic. As expected, 
complex PVCs occurred in 61% of these patients 
during the longer Holter observation period com- 
pared with 18% of patients with normal preoperative 
ECGs (P < 0.001). 


ues and their role in predisposing to ventricular 
ectopy are currently the subject of lively debate (6,7). 
Although some reports continue to confirm a relation 
between chronic hypokalemia and ectopy (8,9), 
equally compelling data fail to support a relation 
(10,11), fail to show that correction of low potassium 
values reduces ectopy (12), and fail to show an 
association between long-term diuretic therapy and 
either hypokalemia or ectopy (13,14). At issue in the 
debate is the high cost (6) of unnecessary potassium 
therapy and the potential life-threatening complica- 
tions of therapy (3,6,15). 

During anesthesia and operation, patients are rou- 
tinely monitored for arrhythmias using electrocardio- 
graphic oscilloscopes. Depending on the sensitivity 
of detection and population sampled, intraoperative 
ventricular ectopy has been reported in 9 to 30% of all 
patients during all types of anesthesia and surgery 
(16,17,18). None of these reports addressed either the 
role of preoperative hypokalemia or the significance 
of the observed arrhythmias in terms of outcome. 
Despite this, the common medical practice of treating 
chronic hypokalemia secondary to diuretic therapy 
was extended to the preparation of all patients for 
major surgery. In the only study that examined this 
practice, Vitez et al. (3) failed to find a relation 
between preoperative hypokalemia (based on pre- 
operative serum levels) and intraoperative ventricular 
ectopy in 150 patients. However, because among 
these 150 patients only 23% had heart disease, only 
6% were on digitalis therapy, and only 29% under- 
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Table 3. Incidence of Ventricular Arrhythmias in Patients with and without Congestive Heart Failure (CHF), Left 
Ventricular Aneurysm (LVA), and Chronic Digoxin Therapy 


Preoperative characteristic 


None Digoxin only LVA +/or CHF without digoxin LVA +/or CHF with digoxin 
Patients (n) 335 51 12 49 
Incidence of complex PVC (%)t 15 33* 42* 38* 





*P < 0.05 compared with patients without these characteristics (‘None’). 


tLown 2,3,4. 


went complex operations associated with ectopy, 
their recommendation to discontinue the practice of 
correcting preoperative hypokalemia may not be uni- 
versally applicable. The population at risk in our 
study (Table 1) effectively overcomes these possible 
limitations. Heart disease was present in 93% of 
patients, 22% were being treated with digoxin, and 
100% of operations could be characterized as complex 
and associated with potential cardiac complications. 
In this population we, too, failed to find a relation 
between preinduction hypokalemia and ventricular 
ectopy. 

We have no explanation for the consistently lower 
potassium values obtained just before induction of 
anesthesia compared with values. obtained 12-36 
hours before operation. Serum potassium is reported 
to rise during hospitalization without therapy (19). 
Using the same blood samples we compared results 
of the hospital and operating room laboratories, 
compared serum to plasma values, and compared 
arterial to venous samples drawn simultaneously, 
and found no systematic difference to account for the 
lower preinduction values. Respiratory acidosis from 
preanesthetic drugs was extremely rare and even if 
present would have increased rather than decreased 
serum potassium levels. In any case, all our observa- 
tions relating preinduction serum potassium concen- 
tration to arrhythmias apply equally to plasma potas- 
sium values measured the day before surgery. 

As expected, patients taking digoxin and those 
with more advanced heart disease (LVA and/or CHF) 
had more frequent ventricular ectopy and greater 
complexity. Even in this group, however, the inci- 
dence and complexity were not related to either 
hypokalemia or to diuretic therapy. This is in accord 
with observations of Beller et al. (20) who found no 
relation between digitalis toxicity and the use of 
diuretics or the presence of hypokalemia. Davidson 
and Surawicz (21) similarly found a higher incidence 
of ventricular ectopy on admission ECGs of patients 
receiving digitalis therapy, but the incidence was 
independent of serum potassium level. 

The present study was designed to address the 
single issue of whether acute potassium repletion 


with or without deferral of operation was indicated 
foz prevention of arrhythmias in surgical patients 
whose preoperative potassium level was less than 
ncrmal. The design provides no information on the 
value of intraoperative potassium administration nor 
or. the postoperative consequences of untreated hy- 
pckalemia. Within this context, this study clearly 
demonstrates that frequent and complex ventricular 
ec:opy is common before and during surgery among 
patients with heart disease taking cardiac medica- 
ticns including digoxin and undergoing cardiovascu- 
lar operations likely to lead to cardiac complications. 
Arrhythmias were related to severity of heart disease 
and chronic digoxin therapy but were not related to 
pr2operative potassium levels, diuretic therapy or, 
specifically, to potassium levels =3.0 mEq/L. These 
data fail to support continuation of the costly and 
pctentially hazardous practice of routine preopera- 
tive potassium repletion in the surgical patient based 
so_ely on determination of the preoperative potas- 
sium level. 
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Mini-Dose Intrathecal Morphine for the Relief of Post-Cesarean 


Section Pain: 


Safety, Efficacy, and Ventilatory Responses to Carbon Dioxide 


T. K. Abboud, mp, A. Dror, Mp, P. Mosaad, mp, J. Zhu, Mp, M. Mantilla, Mp, 
F. Swart, MD, J. Gangolly, mp, P. Silao, Mp, A. Makar, mp, J. Moore, MD, 


H. Davis, Mp, and J. Lee, Mp 


ABBOUD TK, DROR A, MOSAAD P, ZHU J, MANTILLA 
M, SWART F, GANGOLLY J, SILAO P, MAKAR A, 
MOORE J, DAVIS H, LEE J. Mini-dose intrathecal 
morphine for the relief of post-cesarean section pain: 
safety, efficacy, and ventilatory responses to carbon 
dioxide. Anesth Analg 1988;67:137-43. 


To determine the safety, efficacy, and the ventilatory re- 
sponses to carbon dioxide (CO,) of mini-dose intrathecal 
morphine, 33 healthy women who underwent cesarean 
section with spinal anesthesia using 0.75% bupivacaine in 
8.25% dextrose were studied. Patients were randomly 
assigned to receive, in a double-blind fashion, either mor- 
phine 0.25 mg (group I, n = 11), morphine 0.1 mg (group 
II, n = 10), or saline (group III, placebo group, n = 12) in 
0.5 ml volume mixed with the bupivacaine. 

In both groups I and II excellent postoperative analgesia 
with long duration was obtained (27.7 + 4.0 and 18.6 + 


Interest has been focused recently on the efficacy of 
epidural morphine in relieving postoperative pain 
after cesarean section (1-4). Nevertheless, the inci- 
dence of pruritus, nausea, vomiting, and somnolence 
was high and, on rare occasions, patients developed 
late respiratory depression (4). Intrathecal adminis- 
tration of morphine has been shown to produce 
excellent postoperative analgesia. The dose used has, 
however, varied markedly and was as high as 20 mg 
in one report (5). The present study was undertaken 
to evaluate the efficacy, the safety, and the ventila- 
tory responses to CO, when very small doses of 
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0.9 hours, respectively, X + sem). All patients in group III 
required an analgesic (8 mg subcutaneous morphine) within 
3 hours of spinal anesthesia. Seven patients in group I and 
four patients in group II developed mild pruritus that did 
not require treatment. Ventilatory responses to CO, 
showed no evidence of depression attributable to either the 
0.25 or 0.1 mg of morphine, but significant depression of 
the CO, responses was observed in group III patients after 
administration of subcutaneous morphine. It is concluded 
that a dose as low as 0.1 mg of intrathecal morphine gives 
excellent analgesia with minimal to no side effects and that 
subcutaneous morphine is associated with marked depres- 
sion of the ventilatory variables. 


Key Words: ANALGESICS, MorrHine—intrathecal. 
PAIN—postoperative. ANESTHESIA—obstetric. 
ANESTHETIC TECHNIQUES, srınar—morphine. 


morphine were given intrathecally for relief of pain 
after cesarean section. 


Materials and Methods 


We studied 33 healthy women at term who under- 
went cesarean delivery with spinal anesthesia. Pa- 
tients were similar in weight, height, parity, and 
infant's gestational age and weight (Table 1). In- 
formed consent was obtained from each patient and 
the study was approved by the Institutional Review 
Board. Complications during pregnancy or major 
organ disease excluded a patient from the study. For 
anesthesia during cesarean section, 0.75% bupiva- 
caine in 8.25% dextrose was given intrathecally. The 
dose ranged from 9.75 to 11.25 mg. 

Patients were randomly assigned to receive, in a 
double-blind fashion, either morphine 0.25 mg 
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Table 1. Demographic data 


Group | Group II’ Group IN 
(n = 11) (n = 10) (n = 12) 
Maternal age (yr) 28.4 + 1.70" 31.4 + 2.05 30.0 + 1.64 
Maternal weight (kg) 74.9+2.85 71.2 + 4.08 70.9 + 3.45 
Maternal height (em) 155.4 + 2.14 154.9 + 4.02 155.0 + 2.47 
Parity 
Primiparous 3 l 4 
Multiparous 8 9 8 
Gestational age (weeks) 39.8 + 0.61 38.8 +0.68 39.5 + 0.52 
Infant weight (gm) 3575 + 122 3650 +150 3779 + 295 


*Values are mean * SEM. 
‘No Significant Differences Between Groups. 


(group I, n = 11), morphine 0.1 mg (group II, n = 10), 
or saline (group III, n = 12) in 0.5 ml volume mixed 
with the bupivacaine. 

The intensity of pain relief was assessed using a 
visual linear analog scale (6). This scale consisted of a 
100-mm line on which the patient represented the 
degree of pain she was experiencing by placing a 
point somewhere between “no pain” and “the worst 
pain I have ever experienced.” Each patient made 
such an assessment 3, 6, 12, 16, and 24 hours after 
induction of spinal anesthesia. Maternal respiratory 
rate, blood pressure, and heart rate were also mea- 
sured at the same times. 

Possible respiratory depressant effects of mor- 
phine were assessed using the ventilatory responses 
to progressive hypercapnia using a modified Read 
rebreathing technique (7) with a computer-controlled 
data acquisition system (8) as described later. Mea- 
surements were made in the recovery room after 
cesarean section (“baseline”) and repeated 3, 6, 12, 
16, and 24 hours later. Patients were observed for 24 
hours for the appearance of adverse effects including 
pruritus, nausea, vomiting, and respiratory depres- 
sion (i.e., a respiratory rate of <10 breaths/min). 

If patients requested pain relief postoperatively, 8 
mg of morphine was administered subcutaneously 
and ventilatory measurements were made 1.5 and 3 
hours after administration of the subcutaneous mor- 
phine. Only patients in the placebo group requested 
pain relief in the immediate postoperative period. 

Statistical analysis of data was performed using: 1) 
analysis of variances for comparison between groups; 
2) paired t-test to compare data to control values 
within the same group; and 3) y* to compare the 
incidence of side effects between groups using raw 
data. Differences were considered statistically signif- 
icant when P < 0.05. 

Neonates were evaluated by Apgar scores at 1 and 
5 minutes by umbilical venous and arterial blood 
acid-base status, and by the Neurologic and Adaptive 
Capacity Scoring System (NACS) at 2 hours and 24 
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Table 2. Pain Relief of 50% or More as Measured on 
Visual Linear Analog Scale 


Group | Group I Group III 
(n = 11) (n = 10) (n = 12) 
Duration (hours) 27.7 + 4.0* 18.6 + 0.9 3.4 + 0.6' 
(mean + SEM) 
*P < 0.05 compared to group I. 
*P < 0.05 compared to groups | and II 


hours after birth, according to previously described 
protocol (9). Apgar scores were assigned by pediatri- 
cians unaware of the analgesic administration. The 
NACS examination was performed by a trained an- 
esthesia research fellow. The NACS gives a numerical 
score, with a maximum of 40. Arbitrarily choosing 
35-40 as the score denoting a vigorous baby (9), we 
determined the percentages of infants scoring 35 or 
higher and compared these in each group at 2 hours 
and 24 hours after birth. We also determined the 
percentage of infants having high scores on each of 
the individual test items. 


Respiratory Measurements 


Carbon dioxide response curves (AVE/APET,,.,, when 
Ve = minute ventilation (in L/min) and Per,,. = 
end-tidal CO, (in mm Hg) were measured using a 
portable, computer-controlled data acquisition sys- 
tem (8). It included an Apple II+ computer and 
measures VE, PET., Each patient rebreathed exhaled 
CO, through a two-way breathing valve attached to a 
9-liter reservoir, initially filled with 5% CO, and the 
balance of oxygen. Exhaled CO, concentrations were 
measured with a Beckman LB-2 infrared medical gas 
analyzer on samples taken through a catheter con- 
nected at the mouthpiece. The CO, response curve 
was then determined by plotting Ve versus Pet,,,. 
The CO, response slope was determined by linear 
regression of the data above an analytically deter- 
mined breakpoint. We examined both the slope and 
the position of the slope at Pet... 50 (VEso). The data 
was stored on discs and could be recalled for editing, 
plotting, or statistical analyses. The system is porta- 
ble, thus giving the investigator the flexibility of 
measuring patient responses in either the recovery 
room or the ward. 


Results 


Table 2 presents pain relief data using the visual 
linear analog scale. In both groups I and II excellent 
analgesia of long duration was obtained (27.7 + 4.0) 
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PERCENTAGE CHANGE IN SLOPE OF CO2:-RESPONSE 
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and 18.6 + 0.9 hours, X + sEM). Three patients in 
group I and two patients in group II did not request 
additional analgesics (oral or parenteral) during 
their hospital stay. All patients in group LI (the 
placebo group) required an analgesic (8 mg of subcu- 
taneous morphine) within 3 hours of spinal anesthe- 
sia with a mean duration of analgesia of 3.4 + 0.6 
hours. 


Carbon Dioxide Response Test 


A complete set of CO, response curves were obtained 
in most patients. Figures 1 and 2 and Tables 3 and 4 
show marked reduction in the CO, response slopes 
and Vs, below baseline values for group M patients 
after administration of subcutaneous morphine. No 
such reduction was observed in the other two 
groups. Because patients in groups I and II were 
given intrathecal morphine together with the local 
anesthetic, we were noi able to obtain baseline values 
for their ventilatory responses to CO. However, 
their ventilatory responses to CO, 2.5 to 3 hours after 
injection of morphine were not different from those 
in group III, the placebo group, indicating that intra- 
thecal morphine did not cause depression of the 
ventilatory variables. 

Table 5 summarizes data on the incidence of side 
effects including pruritus, nausea, and vomiting. 
Urinary retention could not be assessed because 


AFTER MORPHINE 


Figure 1. Percent change in CO, re- 


sponse slopes (L - min 7} - mm Hg~’) 


from baseline values after patients re- 
ceived intrathecal or subcutaneous 
morphine. 


indwelling catheters in the urinary bladder were left 
in place for approximately 24 hours postoperatively. 
None of the patients had clinical evidence of respira- 
tory depression (respiratory rate of <10 breaths/min). 
Sixty-four percent of patients in group I and 40% of 
patients in group II developed pruritus. Pruritus was 
frequently mild, restricted to the face and/or trunk, 
and often was not spontaneously reported by the 
patient. None of the patients required treatment for 
pruritus. 


Effect on the Newborn 


All neonates were vigorous at 5 minutes and there 
was no significant difference between the incidence 
of low 1-minute Apgar scores (6 or lower) among the 
three groups (Table 6). 


Umbilical Arterial and Venous Blood Acid-Base ' 
Status l ; 


Umbilical artery and vein acid-base data were within 
normal limits in all groups and did not differ signifi- 
cantly with one unimportant exception of base ex- 
cess, which was slightly lower in group I patients 
(Table 7). 
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PERCENTAGE CHANGE IN RESPIRATORY MINUTE 
VOLUME AT P.CO:2 50 TORR 


HL 


VEs) 


o——® 025mg Morphine(Group I ) 





HOURS AFTER MORPHINE 


Table 3. Slopes of Ventilatory Responses to CO, After 








Intrathecal or Subcutaneous Morphine (L - min ' - mm 
Hg ') 
Time Group I Group II Group IM 
Baseline 1.45 + 0.13* 1.36 + 0.23 1.58 + 0.36 
(n = 11) (n = 9) (n= 120 
Hours after 
morphine 
1.5 0.72 + 0.5 
3 1.52 + 0.36 1.57 + 0.22 0.9 + 0.86 
(n = 10) (n = 9) (n = 7) 
6 1.70 + 0.30 1.24 + 0.19 
(n = 10) (n = 8) 
12 1.50 + 0.26 1.58 + 0.21 
(n = 9) (n = 8) 
16 1.13 + 0.17 1.09 + 0.09 
(n = 10) (n = 5) 
24 1.13 + 0.23 
(n = 6) 





“Values are mean + SEM, 


‘Significantly different from baseline value (P < 0.05) 


Neurologic and Adaptive Capacity Scores 


The NACS scores of the three groups of neonates are 
presented in Table 8. There were no significant dif- 
ferences in test scores for any test item on the NACS 
among the three groups with the exception of the 
percentage of neonates who scored well on all items, 
which was significantly lower in group III than in 
group II neonates at 2 hours of age. 





"Å 0.1mg Morphine (Group I) 


-O Control (Group MI ) 


Figure 2, Percent change in VEso at 
Paco, 50 torr from control values after 
patients received intrathecal or subcuta- 
neous morphine. 


Baseline | 15 30 60 j 12 16 24 
MSO, 


Table 4. Minute Volume (L/min) at a Paco, 50 Torr After 
Intrathecal or Subcutaneous Morphine 











Time Group | Group II Group III 
Baseline 22.3 + 2.48" 24.0 + 2.88 31.2 + 3.97 
(n = 11) (n = 9) (n = 12) 
Hours after 
morphine 
1.5 14.4 + 2.15* 
(n = 8) 
3 21.5 + 5.26 28.0 + 0,33 16.6 + 2.54* 
(n = 10) (n = 9) (n= 7) 
6 20:1 + 3.57 22.9 + 2.63 
(n = 10) (n = 8) 
12 24.0 + 3.85 27.9 = 3,19 
(n = 9) (n = 8) 
16 20.3 + 1.45 24.9 + 3.84 
(n = 10) (n = 5) 
24 19.8 + 2.12 
(n = 6) 
“Values are mean * SEM 
‘Significantly different from baseline value (P < 0.05) 


Discussion 


Since Wang reported the administration of intrathecal 
morphine for pain relief in 1979 (10), there have 
been several applications of this technique for relief 
of both chronic (11) and acute pain (5,12-15) as well 
as for pain associated with labor (16-18). Intrathecal 
morphine has been employed for postoperative 
analgesia in a wide range of doses, from 0.5 mg in 
patients after inguinal herniorrhaphy (12) to 20 
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Table 5. Percentage of Patients with Side Effects After 
Intrathecal or Subcutaneous Morphine 








Group i Group I Group M 
(n = 11) (n = 10) (n = 12) 
Side Effects 
Pruritus 64 40 0* 
Nausea 0 10 0 
Vomiting 27 0 0 
*P < 0.05 compared with groups I and I. 
Table 6. Neonates with Low Apgar Scores 
Group I Group I Group H 
(n = 11) (n = 10) (n = 12) 
1 min 1 1 2 


5 min 0 0 0 
No Significant Differences Between’Groups by x” test 


mg after laparotomy or thoracotomy (5). Though 
the literature is replete with descriptions of epidural 
narcotics for relief of pain after cesarean section 
(1-4,19-21), to the best of our knowledge no one 
has written about the use of the intrathecal route 
for this purpose. Excellent analgesia has been re- 
ported with intrathecal morphine, but several 
cases have been associated with life threatening res- 
piratory depression. The safest course, therefore, 
would seem to be to give the minimum effective dose 
hoping to minimize the possibility of respiratory 
depression. 

In our study we showed that excellent analgesia of 
long duration can be achieved with intrathecal doses 
of 0.25 mg or less. That 23% of patients required no 
further parenteral or oral analgesics speaks for the 
quality of pain relief. Morphine 0.25 mg provided a 
mean duration of analgesia of approximately 28 
hours. Samii et al. (5) reported the same duration 
when using 20 mg of morphine intrathecally. Com- 
paring the duration of analgesia after 0.25 mg of 
intrathecal morphine with that observed after the 
epidural injection of 5 mg of morphine for post- 
cesarean section pain relief (21) shows the duration of 
analgesia to be significantly longer with the intra- 
thecal route. 

Delayed respiratory depression is the most feared 
side effect of intraspinal narcotics (22-26). The rostral 
spread of morphine in the subarachnoid space to the 
cisterns and then to the pons is thought to be respon- 
sible for the diminished respiratory drive (27). Clini- 
cal reports of delayed respiratory depression seemed 
to be associated with the intrathecal injection of 
morphine in doses >1.0 mg (28), which is now the 
average dose. ~ 
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Table 7. Acid-Base and Blood Gas Data 


Group I Group I Group M 
(n = 10) (n = 9) (n = 7) 
Umbilical Vein 
pH 7.32 + 0.01 7.32+0.01 7.34 + 0.01 
Po, (torr) 27.041.7 23.2413 27.2+2.1 
Pco, (torr) 458413 470418 47.3+2.3 
Base excess (mEq/L) -2.1 + 0.3* —1.3 + 0.8 0.0 + 0.76 
Umbilical artery 
pH 7.28 + 0.01 7.27 + 0.02 7.26 + 0.02 
Po, (torr) 18.7 + 3.4 14.917 14.717 
Pco, (torr) 52.2 + 2.6 5254+2.9 51.7+5.5 
Base excess (mEq/L) —1.4 + 5.6 -19+11 -2.7 1.8 





*P < 0.05 compared with groups II and I. 
tP < 0.05 compared to group M. 


In our study none of the patients given intrathecal 
morphine had clinical evidence of respiratory depres- 
s:on. In addition, ventilatory responses to CO, did 
not show evidence of respiratory depression attribut- 
able to the intrathecal morphine, though significant 
respiratory depression was observed after subcutane- 
ous morphine as well as after 5 mg epidural mor- 
phine (21). These results indicate that patients receiv- 
ing traditional parenteral or epidural narcotics should 
be monitored carefully for signs of respiratory de- 
pression and that respiratory depression is less likely 
to occur when small doses of intrathecal morphine 
are given. 

Pruritus has been reported in incidences of 2% (29) 
to 94% (18) after administration of intrathecal mor- 
Fhine. However, there appears to be a difference in 
the intensity of pruritus. Indeed, most of our patients 
were considered to have pruritus because they were 
abserved rubbing their skin and they admitted to 
some pruritus on careful questioning, but none of 
them required any treatment. 

Finally, newborns delivered of mothers given in- 
trathecal morphine had high Apgar scores and 
NACS, and normal blood gas and acid-base status. 
The dose of morphine given is very small and would 
te expected to have insignificant effect on the neo- 
rate. We conclude that intrathecal administration of 
small doses of morphine provides excellent analgesia 
after cesarean section with minor side effects and 
with no depressant effects on ventilatory responses |to 
CO). It is very likely that such low dose intrathecal 
morphine would also work in other operations. 





We thank Drs. Phillip Bromage, Duane Sherril, and George Swan- 
son for expert assistance with the measurement of the ventilatory 
responses to carbon dioxide. i 
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Table 8. The Neurologic and Adaptive Capacity Score after Intrathecal Morphine or Placebo 








2 Hours 24 Hours 
Group | Group II Group III Group | Group II Group III 
(n = 11) (n= 9) (n = 7) (n = 11) (n = 9) (n = 7) 
Adaptive Capacity 
Sound 64 89 100 64 89 71 
Habituation to 55 89 57 100 89 86 
sound 
Light 82 100 86 55 67 86 
Habituation to light 55 78 57 82 7 100 
Consolability 100 89 100 100 100 86 
Passive tone 
Scarf sign 100 100 100 100 100 100 
Elbow recoil 73 100 100 100 100 100 
Lower limb recoil 100 78 71 91 100 100 
Popliteal angle 91 7 71 82 7 86 
Active tone 
Neck flexors 27 H 14 36 5 71 
Neck extensors 27 H 14 45 67 57 
Palmar traction 82 78 57 7. 56 71 
Supporting reaction 82 67 57 7. 56 71 
Primary reflexes 
Palmar grasp 82 100 71 91 100 86 
Automatic walking 18 18 11 29 H 14 
Sucking 91 78 100 100 100 100 
Moro response 100 100 86 100 100 100 
General assessment 
Alertness 100 100 71 91 100 100 
Crying 82 100 86 91 100 100 
Motor activity 91 100 100 100 100 100 
% of good scores on 74 81” 71 80 84 84 
all test items 
*P < 0.05 compared with group II. 
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BIONDI JW, SCHULMAN DS, SOUFER R, MATTHAY 
RA, HINES RL, KAY HR, BARASH PG. The effect of 
incremental positive end-expiratory pressure on right 
ventricular hemodynamics and ejection fraction. Anesth 
Analg 1988;67:144-51. 


The effects of incremental positive end-expiratory pressure 
(PEEP) on right ventricular (RV) function were evaluated 
in 36 (n = 36) ventilated patients. Positive end-expiratory 
pressure was increased from O (baseline) to 20 cm H-O in 
5-cm H,O increments and RV hemodynamics and taer- 
mally derived right ventricular ejection fraction (RVEF), 
right ventricular end-diastolic volume index (RVED®1), 
and right ventricular end-systolic volume index (RVESV1) 
were computed, Right ventricular contractility was deter- 
mined from the analysis of RV systolic pressure-volume 
relations. Right ventricular ejection fraction declined from 
42 + 8% at baseline to 30 + 9% at 20 cm H,O PEEP. 


Right ventricular end-diastolic volume index declined be- 
tween O and 5 cm H,O PEEP (103 + 42 to 92 + 34 
ml-m °) and then increased to 113 + 40 at 20 cm H,O 
PEEP. Right ventricular end-systolic volume index in- 
creased from 60 + 31 mlm? at baseline to 79 + 34 
ml-m-* at 20 cm H,O PEEP. The slope (E) of the relation 
of RV peak systolic pressure to RV end-systolic volume 
index decreased from 0.26 mm Hg-nr-ml~! between PEEP 
of 0-15 cm H,O to 0.05 mm Hg-nr’.m~! at PEEP > 15 em 
H,O. It is concluded that low levels of PEEP have a 
predominant preload reducing effect on the RV, Above 15 
cm H,O PEEP, RV volumes increase and E decreases, 
consistent with increased RV afterload and a decline in RV 
contractility. 


Key Words: HEART, MYOCARDIAL FUNCTION—right 
ventricle. VENTILATION—positive end-expiratory 
pressure. 





Positive end-expiratory pressure (PEEP) may impair 
right ventricular function by increasing right ventri- 
cular afterload. Although the salutary effects of PEEP 
on functional lung volume and pulmonary bleod 
oxygen uptake have been well defined (1-5), the role 
of the right ventricle in PEEP-related decreases in 
cardiac output has not been extensively investigated. 

As early as 1948, Cournand et al. (6) demonstrated 
that continuous positive pressure ventilation (CPPV) 
decreased cardiac output in humans. Since that re- 
port, numerous investigators (7-10) have shown that 
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there is a dynamic relation between mechanical lung 
expansion and right and left ventricular function. 
Such alterations in cardiocirculatory function have 
generally been ascribed to a peripheral translocation 
of central blood volume and decreased biventricular 
preload (11). 

Data (12-14) suggest that this heart-lung interac- 
tion is complex. Because PEEP exerts a Starling resis- 
tor effect on the pulmonary microcirculation (15,16) 
and increases pleural pressure (17), the right ventricle 
(RV) is exposed to reduced preload and increased 
afterload. Right ventricular volume, which is depen- 
dent on both preload and afterload, has been re- 
ported to increase (18), decrease (19), or remain 
unchanged (20) during PEEP. Further, RV ejection is 
afterload dependent (21) and might be decreased 
during PEEP. This could decrease the filling of the left 
ventricle (LV) during diastole. 

Recent studies have demonstrated a number of 
possible mechanisms for RV-related decreases in car- 
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diac output during conditions of increased RV after- 
load. In addition to the aforementioned changes in 
loading conditions, these include leftward septal dis- 
placement (22), systolic (23,24) and diastolic (25) 
ventricular interdependence, and altered cardiac ge- 
ometry (26,27). Much of this work, however, has 
been limited by major interstudy differences and 
hindered by a lack of reliable, reproducible serial 
volume and ejection phase determinations for the 
right ventricle because of its complex structural and 
functional relations. 

The purpose of this study was to test the hypoth- 
esis that PEEP, by increasing RV outflow resistance, 
might significantly alter the characteristics of right 
ventricular ejection. Using thermodilution methods, 
we sequentially analyzed the relation between PEEP 
and beat-to-beat right ventricular ejection fraction 
and right ventricular end-systolic and end-diastolic 
volume indices. RV contractility was extrapolated 
from RV end-systolic pressure-volume points. 


Methods 
Patients 


In accordance with the investigational guidelines of 
the Yale University School of Medicine and following 
the execution of informed consent, 36 ventilated 
patients demonstrating a PEEP requirement were 
evaluated. There were 15 women and 21 men. The 
mean age was 51 years (range 22 to 96). 

Eighteen patients (No. 1-18) were studied within 
48 hours of anesthesia and surgery. All patients were 
at a stable hemodynamic state, exhibiting <10% 
variation in blood pressure, heart rate, and right 
heart pressures over a 1-hour period of observation. 
In all cases, PEEP was instituted for reasons of 
postoperative hypoxemia related to increased intra- 
pulmonary shunt (Pao, < 60 mm Hg on an Fi, > 
0.5). All patients were sedated with standard dosages 
of morphine sulfate (0.1 mg/kg IV) and diazepam (0.1 
mg/kg IV). Anesthetic techniques were similar in all 
patients, consisting of induction with intravenous 
thiopental sodium (4-6 mg/kg) and tracheal intuba- 
tion with a cuffed endotracheal tube (7.5-8.5 mm ID) 
after paralysis with succinylcholine (1.0 mg/kg). An- 
esthesia was maintained with enflurane or isoflurane 
at mean alveolar concentrations of 1-2% or fentanyl 
(30-75 pg/kg). The patients inhaled oxygen and/or 
mixtures of nitrous oxide: oxygen with relative flow 
rates of 3:2. Surgical procedures among study pa- 
tients included: aortocoronary artery bypass proce- 
dures (n = 7), aortic valve replacement (n = 2), partial 
septectomy for idiopathic hypertrophic subaortic 
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stenosis (n = 1), cholecystectomy with common bile 
duct exploration (n = 1), exploratory laparotomy (n = 
1), hepatic lobectomy (n = 1), nephrectomy (n = 1), 
and thyroidectomy (1 = 1). 

An additional 18 patients (No. 19-36) were within 
48 hours of the institution of mechanical ventilation 
and PEEP for acute respiratory failure related to the 
following medical conditions: aspiration pneumonia 
( = 4), gram-negative pneumonia (n = 4), decom- 
pensated chronic obstructive pulmonary disease (n = 
7), sepsis (n = 2), and neurogenic pulmonary edema 
related to subarachnoid hemorrhage (n = 1). 

None of the patients had a prior history of left 
ventricular (LV) dysfunction or prior history of intrin- 
sic pulmonary disease. None was receiving inotropic 
or chronotropic support, and all maintained sinus 
rhythm or sinus tachycardia. 


Mechanical Ventilation 


Mechanical ventilation in all patients at baseline con- 
sisted of CPPV, which was maintained with a Bear II 
ventilator (Bear Medical Systems, Inc., Riverside, 
CA) set at constant tidal volume (mean 12 ml/kg), 
inspired fraction of oxygen (Fi,.) (mean 0.50), and 
ventilatory rate to achieve eucapnea as PEEP was 
incrementally raised from 0 to 20 cm H,O in 5-cm 
H,O steps. Following each PEEP adjustment, 15 
minutes were allowed for the equilibration of sys- 
temic hemodynamics and pulmonary gas exchange. 
The entire PEEP trial required 60 minutes. Arterial 
blood gas measurements at each level of PEEP re- 
flected arterial oxygen tensions (Pao,) in the range of 
60-80 mm Hg. 


Hemodynamic Measurements 


Clinical monitoring in all patients included a radial 
arterial catheter and a modified thermodilution pul- 
monary artery catheter with a rapid response ther- 
mistor (28). A proximal port was located at 14 cm 
from the distal tip to allow continuous right ventric- 
ular pressure monitoring. Hemodynamic measure- 
ments taken at end-exhalation at 0, 5, 10, 15, and 20 
cm H,O PEEP included: heart rate (HR), mean arte- 
rial blood pressure (MAP), right atrial pressure 
(RAP), right ventricular end-diastolic pressure 
(RVEDP), right ventricular peak-systolic pressure 
(RVPSP), pulmonary artery mean pressure (PAMP), 
pulmonary artery systolic pressure (PASP), and pul- 
monary artery occlusion pressure (PAOP). Trans- 
mural cardiac chamber pressures were estimated by 
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subtracting the increment in RAP from the intracar- 
diac chamber pressures. The change in RAP durng 
alterations in ventricular loading conditions has been 
highly correlated with changes in pericardial pressure 
(29). 

All pressures were obtained using a Bentley phys- 
iologic pressure transducer which was zero-refer- 
enced to a phleobostatic axis in the midaxillary line at 
the level of the left atrium, digitized, and inscribed 
(Electronics for Medicine, Honeywell, Inc., Pleasant- 
ville, NY). 

Derived hemodynamic parameters were calculated 
from the following formulas: 


Cardiac Index (CI) = CO/BSA 
(L-min-!-m~?) 
Stroke Volume Index (SVI) = CI/HR 
(ml-beat 'm~*) 
Pulmonary Vascular Resistance Index (PVRI) = 
80(PAMP-PAOP)/CI (dynes-sec-cm m °?) 
Systemic Vascular Resistance Index (SVRI) = 
80(MAP—RAPY/CI (dynes-sec-cm°.m~?) 


Right Ventricular Ejection Fraction and Right 
Ventricular Thermal Volume Determination 


Right ventricular ejection fraction (RVEF) was calcu- 
lated from the analysis of the first order exponential 
decay of a thermodilution cardiac output curve, 
which was obtained from a rapid response (1200 ohm 
resistance, 50 msec sensitivity) thermistor tipped 
Swan-Ganz catheter (model 93A-431H-7.5F, Ameri- 
can Edwards Laboratories, Irvine, CA) (30). This 
technique has been validated in dogs (28,31) and in 
humans using radionuclide (28,32) and echocardio- 
graphic (33) techniques. RVEDVI and RVESVI were 
calculated according to the following formulas: 


Right Ventricular End-Diastolic Volume Index 
(RVEDVI) = SVI/RVEF (ml-m ~*) 

Right Ventricular End-Systolic Index (RVESVI) = 
RVEDVI-SVI (ml-m~*) 


Right Ventricular Contractility 


The mean RVPSP and RVESVI were plotted. These 
points were then analyzed by linear regression. Right 
ventricular contractility was determined by the slope 
(E) of the relation of RVPSP to RVESVI. Previous 
studies have established that this relationship is :n- 
dependent of preload, linear with changes in after- 
load, and sensitive to alterations in contractile state in 
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isolated animal hearts (34). This relation has been 
used to describe right ventricular contractility in 
humans (35). Substitution of peak for dicrotic notch 
pulmonary artery pressure does not alter the linearity 
of this relation (36). 


Statistical Methods 


Data are expressed as mean + 1 sp. Analysis of 
hemodynamic data was performed using one-way 
analysis of variance with Neuman-Keuls multiple 
comparison test. The slope and volume intercepts of 
the systolic pressure-volume relation were calculated 
by linear regression analysis. A P value of < 0.05 was 
considered significant. 


Results 


Means and standard deviations of all cardiorespira- 
tory data at 0, 5, 10, 15, and 20 cm H,O PEEP are 
shown in Table 1. Right ventricular and pulmonary 
artery pressures are reported as transmural pres- 
sures. Systemic arterial and right atrial pressures are 
reported as direct measurements. 

There were no differences in the hemodynamic 
responses to PEEP between the surgical (1-18) and 
the medical (19-36) patients. Therefore, all 36 patients 
were considered as one group. 


Ventricular Preload 


RVEDVI initially decreased from 103 + 42 ml-m `°? at 
baseline at 92 + 34 ml-m * at 5 cm H,O of PEEP (P < 
0.05) and increased thereafter to 113 + 40 ml-m ? at 
20 cm H,O of PEEP (P < 0.05). Transmural RVEDP 
increased from 6 + 4mm Hg to 7.8 + 3.7 mm Hg, but 
did not achieve statistical significance (Fig. 1). 
Changes in transmural right ventricular end-diastolic 
pressure did not correlate with changes in RVEDVI (r 
= 0.35, P = 0.6) over the range of 0-20 cm H,O of 
PEEP. Large increases in RVEDVI were associated 
with insignificant changes in transmural RVEDP. 

Transmural PAOP showed no significant change 
with incremental PEEP, (14 + 6 to 8 + 4mm Hg, at 0 
and 20 cm H,O PEEP, respectively). 


Ventricular Afterload 


Pulmonary vascular resistance index (PVRI) in- 
creased with incremental PEEP from 73 + 62 
dynes-sec-cm *-m~* at PEEP 0 to 365 + 151 
dynes-sec-cm m~? and 20 cm H,O, respectively (P 
< 0.05). Right ventricular end-systolic volume index 
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Table 1. Means and Standard Deviations of Cardiorespiratory Data at 0, 5, 15, and 20 cm H,O of PEEP 


PEEP (cm H,0) 0 5 10 15 20 
HR (beats/min) 101 £15 102 + 15 103 + 15 105 + 16 103 + 16 
MAP (mm Hg) 95 +9 95 = 10 94+ 10 92 + 11 92+9 
RAP (mm Hg) 10.3 + 3.2 ESEJ 13.0: 23 14.8 + 3.1 165: = 3:5 
RVEDP'™ (mm Hg) 6+4 7238 6.3 + 4.1 7.5 + 4.2 7.8 + 3.7 
RVPSP™ (mm Hg) 38 +6 37 + 6 38 +4 42+5 43 + 6" 
PAMP"™ (mm Hg) 18 + 6 19 + 4.2 21 + 3.4 22 + 4.6* 24 + 5* 
PASP" (mm Hg) 39 +7 43+6 44+6 46 +6 48 +-7* 
PAOP™ (mm Hg) 14+6 13 + 6.2 12+ 7.9 10 + 5.1 8+ 3.7 
CI (L‘min” + m—2) 4.39 + 2.2 4.50 + 2,2 410+ 1:7 3.89 + 1.7 3.50 + 1.6 
RVEF (%) 42+8 48 + 16 42+ 15 38 + 11 30 + 9* 
RVEDVI (mlm?) 103 + 42 92 + 34" 95 + 28 97 + 43 113 + 40 
RVESVI (mlm °) 60 + 31 48 + 32 55 + 31 60 + 34 79 + 34* 
PVRI (dynes'seccm *-m- * 73 + 66 107 + 72 175 + 105 247 + 150° 365 + 151" 
SVRI (dynes: sec: cm m7) 1544 + 201 1488 + 254 1580 + 310 1587 + 347 1725 + 326 
*P < 0.05. 


tmTransmural pressure. 

Abbreviations: PEEP, positive end-expiratory pressure; HR, heart rate; MAP, mean arterial blood pressure; RAP, right atrial pressure; RVEDP, right 
ventricular end-diastolic pressure; RVPSP, right ventricular peak systolic pressure; PAMP, pulmonary artery mean pressure; PASP, pulmonary artery systolic 
pressure; PAOP, pulmonary artery occlusion pressure; Cl, cardiac index; RVEF, right ventricular ejection fraction; RVEDVI, right ventricular end-diastolic 
volume index; RVESVI, right ventricular end-systolic volume index; PVRI, pulmonary vascular resistance index; SVRI, systemic vascular resistance index. 
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Figure 1. Means (standard deviations 50 
deleted for clarity, please refer to Ta- 
ble 1) of transmural RVEDP, RVEF, 20 


RVEDVI, RVESVI, and PVRI plotted PVRI 
as a function of PEEP of 0, 5, 10, 15, (d s cm-* m-?) 4° 
and 20 cm H,O. 4 
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(RVESVI) also increased with PEEP from 60 + 31 to 30 + 9% at 20 cm H,O PEEP (P < 0.05). Cardiac 
ml-m~2 to 79 + 34 ml-m~2 at PEEP 0 and 20cm H,O, index (CI) decreased from 4.4 to 2.2 L-min`!-m ? at 
respectively (P < 0.05). Systemic vascular resistance baseline to 3.5 + 1.6 L-m !.min™? at 20 cm H,O (P < 
index (SVRI) did not change with increasing PEEP. 0.05). The rate of change of CI and RVEF were 
compared. Cardiac index decreased at 1/2 the rate of 
decline of RVEF (Fig. 2). The ratio of RVEF/CI re- 
1 ; i mained constant at PEEP 0-15 cm H20 and decreased 
RV Ejection Fraction and Cardiac Index at PEEP > 15 cm HO. 
PEEP-induced increases in PVRI were directly related 
to increases in RVEDVI (r = 0.78, P < 0.05) and PET 
RVESVI (r = 0.72, P < 0.05) and were inversely RV Coniractsiity 
related to changes in RVEF (r = —0.83, P < 0.05). The slope of the relation between mean RVPSP and 
RVEF declined with PEEP from 42 + 8%, at baseline, mean RVESVI, at each PEEP level, remained constant 
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Figure 3. RVPSP—RVESVI plots indicating transmural RVPSP in- 
creasing in the linear relation (constant contractility) with increas- 
ing RVESVI during incremental PEEP up to 15 cm H,O (as shown 
by open pressure-volume loops). At PEEP > 15 cm H,O, the slope 
of this relation decreased (as shown by the shaded pressure- 
volume loop), indicating a decrease in RV contractility. 


at 0.26 mm Hg-m?*. ml“! from 0-15 cm H,O. At PEEP 
> 15 cm H,O, this slope decreased to 0.05 mm 
Hg-m?-ml1~! (P < 0.05) as the mean pressure-volume 
point fell off the line of constant contractility. This is 
illustrated by the integration of these data, under 
assumed conditions of isovolumic contraction and 
relaxation, into the construction of RV function loops 
(Fig. 3). Right ventricular function loops between 5 
and 15 cm H,O PEEP showed a linear increase in RV 
systolic pressure and volume consistent with an 
increase in RV afterload at constant contractility. The 
RV function loop at 20 cm H,O PEEP was displaced 
downward and to the right, consistent with impaired 
RV function. 
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Figure 2. Percent change (% A) in RVEF and CI. Note 
that RVEF decreased at a greater rate than Cl, indicat- 
ing an increase in RV volume in association with 
decreased RV stroke output. 


15-20 


Discussion 


Despite previous interpretations that positive end- 
expiratory pressure (PEEP) decreases cardiac output 
by decreasing biventricular preload, data from this 
study suggest that the decline in cardiac output 
during PEEP is related in part to increases in RV 
afterload and decreases in RV contractile state. Be- 
cause PEEP alters the state of lung inflation and 
increases transpulmonary distending pressure, both 
pleural pressure and pulmonary vascular resistance 
may change concomitantly with incremental changes 
in PEEP. If alveolar distending pressure increases 
relative to pleural pressure, RV afterload will be 
increased. If pleural pressure increases relative to 
alveolar distending pressure, then RV preload will be 
reduced. The net balance of these two effects will 
determine the loading conditions of the RV. Because 
the pulmonary circulation mechanically couples RV 
outflow to LV inflow, large increases in RV outflow 
impedance limit RV ejection and thereby decrease LV 
diastolic filling. 

Apart from a previous emphasis on the effect of 
PEEP on left ventricular preload, there is considerable 
data implicating RV and LV interdependence as a 
significant determinant of global cardiac output dur- 
ing PEEP. In open chest canine studies, Scharf et al. 
(37) demonstrated that PEEP increased RV septal- 
lateral dimension, causing a conformational change 
of the left ventricle. LV septal-lateral wall dimension 
decreased out of proportion to the LV apex-base 
dimension. In this preparation, RV outflow imped- 
ance induced by PEEP of 15-20 cm H,O produced RV 
configurational and hemodynamic effects analogous 
to those seen with direct pulmonary artery occlusion. 
Right ventricular and LV chamber pressures in- 
creased in direct relation to RV dimensions. Right 
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ventricular pressure overload was associated with 
significant decreases in left ventricular stroke work 
over a wide range of left atrial pressures. These data 
support a distinct downward and rightward shift of 
the left ventricular function curve, implying impaired 
LV contractility on the basis of RV overload. In a 
closed chest model, Haynes et al. (38), using radio- 
paque markers, documented similar reductions in LV 
dimensions during PEEP, which was also assumed to 
be related to RV overload. In subsequent studies, 
Rankin et al. (39) have shown that 20 cm H,O PEEP 
resulted in decreased LV biplane dimensions (ante- 
roposterior and septalposterolateral) in association 
with increased RV septal-free wall dimension. In 
particular, this work assessed the hemodynamic re- 
sponse of the RV to increased pulmonary arterial 
impedance. Within three to five beats of PEEP appli- 
cation, the RV dimension increased and the LV 
dimension decreased. Within ten beats biventricular 
geometry reached a new equilibrium state. Right 
ventricular dimension returned to baseline and LV 
dimension was significantly reduced. These results 
are consistent with a balanced RV preload and after- 
load effect. 

In humans, a similar but more varied response to 
PEEP has been described. In ten normal subjects, 
Cassidy et al. (40) documented that 10 cm H,O PEEP 
increased echocardiographically derived RV area in 
association with increasing transmural RAP. Like- 
wise, in ten patients with the adult respiratory dis- 
tress syndrome, Jardin et al. (41) studied the effect of 
PEEP on LV dimension over a range of 0-30 cm H,O 
with volume loading. They confirmed the relation 
between PEEP-induced RV pressure overload and 
decreased LV compliance. 

Unlike LV configuration, which lends itself to 
volume calculation from dimension measurements, 
RV volume assessment is hindered by its complex 
crescentic shape. The recent development of high 
sensitivity, low impedance thermistors for pulmo- 
nary artery catheters permits the accurate (28,30-33, 
42-44) beat-to-beat calculation of RV volume. Using 
this thermodilution technique to calculate RV vol- 
umes and ejection fraction, the dynamic response of 
the RV was determined over a wide range of altered 
loading conditions induced by PEEP. 

In our patients, a significant initial decline in RV 
volume was found at a low level of PEEP (0-5 cm 
H,O) consistent with a decrease in RV preload. This 
was followed by increases in RV volume at higher 
levels of PEEP (15 and 20 cm H,O), consistent with 
either increased RV afterload or a decline in the 
contractile state of the RV. Progressive increases in 
RV volume occurred concomitantly with decreases in 
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RVEF and stroke volume index (SVI). These changes 
were associated with modest increases in transmural 
RV chamber pressure. As PEEP was increased, the 
rate of decline in RVEF was significantly greater than 
the rate of decline in stroke volume index, consistent 
with increasing RV volume in the face of declining 
cardiac output. 

Because RV systolic performance is load sensitive, 
it is uncertain whether the decline in RV function 
found in our patients is secondary to changes in 
loading conditions and/or alterations in the pumping 
capacity of the RV. In experimental preparations (45), 
stepwise increases in pulmonary artery pressure led 
to elevations in RV volumes, RVEDP and RV systolic 
pressure and to declines in stroke volume and RVEF. 
However, RV contractility remained preserved until 
pulmonary artery pressures were raised to critical 
levels above 60 mm Hg. At that point, RV ischemia 
occurred and RV failure ensued due to marked ele- 
vations in wall stress. 

In preparations in which loading conditions are 
changing, load-independent indices of systolic func- 
tion are required to determine whether the contractile 
state of the RV is altered. In an experimental prepa- 
ration, Maughan et al. (34) described the end-systolic 
pressure-volume relation for the RV, which is inde- 
pendent of preload, linear with changes in afterload, 
and sensitive to the contractile state. Konstam et al. 
(36) expanded this relationship to studies on RV 
function in humans. 

In this study, we have plotted the mean RVPSP- 
RVESVI point for all patients at each PEEP level. The 
linearity and positive slope of this relation between 5 
and 15 cm H,O PEEP is consistent with increasing 
levels of RV afterload at constant contractility. The 
mean pressure-volume point at 20 cm H,O is dis- 
placed from the line of identity. Either the slope of 
the relation declined or the volume intercept in- 
creased. Either change would be consistent with a 
decline in RV contractility at high PEEP. 

Recent reports by Ditchey et al. (46) in experimen- 
tal preparations and Tyberg et al. (29) in cardiac 
surgery patients have established that changes in 
pericardial pressure with PEEP and volume loading, 
respectively, are manifested by increments in right 
atrial pressure. Based on these findings one can 
assume that the RV can accomodate large increments 
in ventricular volume with minimal changes in dias- 
tolic pressure. Our data, showing significant in- 
creases in RV volume and minimal increases in 
RVEDP with PEEP, support these conclusions. 

To summarize, this paper demonstrates that PEEP 
has a major afterload effect on the right ventricle. This 
effect is manifested by increasing RV volume and 
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decreasing RV ejection fraction. Above a critical level 
of PEEP of 15 cm HO, RV contractility declines, 
presumably on the basis of increased RV wall stress. 
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calcium chloride. Anesth Analg 1988;67:152-60. 


A number of cardiac arrests and severe hypotensive episedes 
have been witnessed associated with the intravenous iafu- 
sion of fresh frozen plasma (FFP). To clarify the possible 
role of hypocalcemia, 28 thermally injured anesthetized 
pediatric patients with massive blood loss were studied to 
examine the cardiovascular responses (mean arterial pres- 
sure [MAP], heart rate, ECG) to 49 infusions of FFP. 
Rapid, statistically significant reductions in ionized cel- 
cium ([Car ' ]) followed each of four rates (1.0, 1.5, 2.0,.and 
2.5 ml-kg~!-min~! for 5 minutes) of FFP infusion (P < 
0.0001). The slowest rate resulted in significantly less 
reduction in [Ca°* ] than did the higher infusion rates (? < 
0.002). In five children MAP decreased =20% below 
baseline levels, but this was not correlated with rate of FFP 
administration or decrease in [Ca**]. The decreases in 
[Ca°* ] and MAP were inversely related to age and vime 


lated to anesthetic technique. Changes in the Q-oT, interval 
were not related to [Ca]. Adverse cardiovascular re- 
sponses and reduced [Ca° * ] were not significantly different 
between 5- and 10-minute FFP infusions. Fewer fluctua- 
tions in MAP occurred when calcium chloride (CaCl,) was 
administered; the least fluctuation in [Ca** ] occurred when 
CaCl, was administered during the plasma infusion. It is 
concluded that in thermally injured children 1-17 years old: 
1) Rapid infusions of FFP produce sudden but evanescent 
decreases in [Ca°" ]; more rapid infusions result in greater 
reductions in [Ca?*]. 2) There is no correlation between 
[Ca°* ] and systemic hypotension. 3) Clinically important 
decreases in MAP occasionally accompany the rapid infu- 
sion of FFP. 4) The duration of FFP infusion does not seem 
to be a significant factor in causing decreases in [Ca?* ] or 
in MAP. 5) Pretreatment with exogenous calcium may 
reduce the incidence of cardiovascular instability; smaller 
fluctuations in [Ca** ] occur if exogenous calcium is admin- 
istered during the FFP infusion. 6) Changes in Q-oT, are 
not predictive of acute changes in [Ce ]. 


Key Words: BLOOD, rpLasma—fresh frozen. IONS, 
cALciuM—ionized,. COMPLICATIONS—burns. 





The infusion of large volumes of citrated whole bleod 
has been demonstrated to depress left ventricular 
function (1-3). The mechanism is citrate-induced ion- 
ized hypocalcemia, which occurs whenever citrated 
blood products are rapidly administered (4-7). We 
reviewed the charts of 17 children with thermal 
injuries requiring intraoperative resuscitation from 
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July 1973 to July 1983; eight of these events occurred 
in 7 patients during the rapid infusion of fresh frozen 
plasma (FFP). These adverse events were reversed 
with chest compression and intravenous drugs, in- 
cluding calcium, Although our retrospective review 
could not determine the precise circumstances of 
these events, it appeared that the rate of FFP admin- 
istration in most cases was approximately 1.0 
ml-kg '-min ' or greater. We therefore undertook a 
prospective study of hemodynamic parameters and 
changes in ionized calcium ([Ca**]) during con- 
trolled, rapid infusions of FFP to children who had 
suffered extensive thermal injuries, in order to deter- 
mine if ionized hypocalcemia as a result of rapid FFP 
administration might be a factor in causing cardiac 
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arrest. Fresh frozen plasma was administered only to 
replace clotting factors lost during massive transfu- 
sion, as recommended by guidelines set forth by the 
National Institutes of Health (8). 


Methods 


Institutional approval and written informed consent 
were obtained. Patients between 1 and 17 years of age 
who had suffered thermal injuries to more than 10% 
body surface area and who required large amounts of 
FFP as part of their coagulation factor replacement 
during surgical excision and skin grafting procedures 
(blood loss >1 blood volume) were candidates for 
study. 

The initial surgical blood loss was replaced with 
lactated Ringer’s solution, pasteurized 5% albumin, 
and packed red blood cells. Only those patients who 
had sustained blood loss >1 estimated circulating 
blood volume (75 ml/kg for thermally injured pa- 
tients) received FFP (8); all FFP was warmed before 
administration. Body temperature was maintained by 
controlling the operating room temperature at 
27-30°C, .by passing the inspired anesthetic gases 
through a heated humidifier, by using warming blan- 
kets and radiant warmers, and by wrapping the 
extremities in sterile plastic bags. Controlled ventila- 
tion, measured end-expired carbon dioxide values 
(Hewlett-Packard capnograph model 47210A), and 
arterial blood gas analysis ensured stable acid-base 
balance. The anesthetic prescription was selected by 
the anesthetizing team as deemed appropriate for 
each patient; the age of patients studied was not 
controlled because patients entered the study in 
order of hospital admission. 

Three studies, conducted from 1983 to 1985, exam- 
ined cardiovascular responses (heart rate, ECG, mean 
arterial pressure [MAP]) and change in [Ca?*] for: 1) 
four rates of FFP infusion administered over 5 min- 
utes, 2) treatment with calcium chloride before and 
during FFP infusion, and 3) two rates of FFP infu- 
sions administered over 10 minutes. 


Study One 


Twenty-four thermally injured children under gen- 
eral anesthesia for surgical excision and grafting of 
their wounds received FFP through a peripheral 
intravenous catheter. Initially, patients were ran- 
domly assigned to either of two rates: 1.0 and 1.5 
ml-kg~'-min™’ for 5 minutes. Once these rates of 


infusion were found not to cause important hemody- 
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namic changes, the Subcommittee on Human Studies 
allowed the examination of two higher rates of FFP 
infusion (2.0 and 2.5 ml-kg~?-min“* for 5 minutes). 
Each infusion was controlled with a four-barrel 
inzusion pump (Harvard model 2215, Harvard Instru- 
ments, Inc., South Natick, MA); FFP was adminis- 
tered with one to four 140-ml syringes and a network 
of four-way stopcocks and extension tubing. The 
duration of infusion and the drawing of blood spec- 
irens were timed with a stopwatch. Arterial blood 
pressure was monitored via an indwelling arterial 
cannula connected to pressure transducers calibrated 
over the appropriate range and recorded on a strip- 
chart. Arterial blood gases were measured by stan- 
dard electrodes, and values were corrected for tem- 
perature as indicated. Body temperature was 
determined by a temperature probe inserted into the 
distal two-thirds of the esophagus or into the naso- 
pharynx. Lead II of the ECG was recorded. Ionized 
ca:cium in heparinized blood samples was measured 
by a selective calcium electrode (Nova Biomedical, 
Waltham, MA). All blood specimens were of equal 
volume and heparinized with equivalent amounts of 
liquid heparin (1:1,000) which occupied the dead 
space of 3-ml syringes; the amount of added heparin 
and blood was fixed to avoid sampling artifact (9). 
Hemodynamic data and [Ca?*] were recorded imme- 
diately before plasma infusion and at 1, 2, 3, 4, 5, 6, 
and 10 minutes from the beginning of the infusion. 


Study Two 


These 14 children also participated in Study One, but 
in this study calcium chloride (CaCl) 5.0 mg/kg was 
administered via a central venous catheter. In five 
children the plasma infusion rate was 1.0 
ml-kg~?-min™?, and in five others it was 1.5 
ml-kg~’-min™* for 5 minutes. These 10 children re- 
ceived the CaCl, 1 minute before the 5-minute plasma 
infusion. Data were obtained as in Study One; addi- 
tional blood samples were collected for [Ca?*] deter- 
mination 1 minute after CaCl, administration. Four 
other children received CaCl, 5.0 mg/kg during the 
FFP infusion, immediately after the second minute. 


Study Three 


The protocol for Study Three was identical to that for 
Study One except that the duration of the FFP infu- 
sicns was 10 minutes, and the hemodynamic vari- 
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Table 1. Demographic Data* of Children Who Received 5-Minute Infusions of Fresh Frozen Plasma 





Surface 





COTE ET AL. 

Days after 

thermal Pao, Paco, Temperature 

injury pH (mm Hg) (mm Hg) CC) 
9.4 + 2.3 7.39 + 0.04 1284+ 18.2 373446 363= 1.0 
14.4 £ 13.4 7.39+0.03 1276 £262: 358+5.2 35.8 +07 
25.5 + 35.1 7.42 +0.06 1543+30.7 34.8+25 36.0 + 0.3 
30.0 + 52.0 7.39 +0.04 140.2+ 11.4 37.3+46 36.0 + 0.6 





Rate FFP area burned 
(ml-kg min ') N Age (yr) Weight (kg) (%) 
1.0 7 93449 35.9217.3 59.3+ 30.3 
1.5 8 49+ 4.3 19.3 + 10.1 50.0 + 19.7 
2.0 6 82+43 2872154 47.3 + 26.5 
2.5 6 4.7+1.6 21.0 + 7.7 54.7 + 24.8 
"Mean + SD. 


ables and [Ca?"] were measured at 2-minute inter- 
vals. Four thermally injured patients received FFP at 
two infusion rates (1.0 and 2.0 ml-kg '-min ') during 
the same surgical procedure. Patients were random- 
ized as to which dose of plasma was administered 
first, so that each patient acted as his own control. 


Data analysis. Ionized calcium values were deter- 
mined in duplicate. All ECGs recorded in patients of 
Studies One and Three were interpreted by an ob- 
server who was unaware of patient data.The [Ca*’ ] 
and hemodynamic data were analyzed by analysis of 
variance with allowance for repeated measures and 
by analysis of covariance. Significance of planned 
comparisons was judged according to Bonferroni 
t-tests, using a (simultaneous) significance level of 
0.05; i.e., 0.05 was divided by the number of compar- 
isons to obtain the significance level that an individ- 
ual P-value must satisfy to achieve statistical signifi- 
cance (10,11). For Study One, the analysis of the data 
involved 16 comparisons: 5 minutes versus baseline 
within each of the four rates, pairwise differences in 
the change from baseline to 5 minutes for the six pairs 
of rates, and pairwise differences at baseline for the 
six pairs of rates. Thus, with 16 comparisons each 
would have to have a P-value <0.05/16, or 0.003125 to 
be judged significant at the simultaneous 0.05 level. 
The correlation coefficient summarized the relation- 
ship, in thermally injured children, between age and 
the change in [Ca**] and MAP from baseline «0 5 
minutes. Analyses for Study Two used the date on 
[Ca2*] and MAP from the ten children who received 
CaCl, before the FFP infusion. These analyses con- 
sidered three comparisons: the difference in change 
from baseline to 5 minutes between pretreatment and 
nonpretreatment at each of the two rates and the 
differences in change from baseline to 5 minutes 
between the rates in the pretreated condition. In 
addition, the analysis of [Ca**] compared 5 minutes 
versus baseline within each of the four combinations 
of rate and pretreatment (a total of seven compari- 
sons). For Study Three the analysis of [Ca*’] and 
each hemodynamic variable tested four comparisons: 
the change from baseline to 10 minutes at each of the 


two rates, the difference in these changes between 
the rates, and the difference between the two rates at 
baseline. 


Results 


Twenty-eight patients received a total of 49 FFP 
infusions; a rapid fall in [Ca**] occurred 1 minute 
after the start of the plasma infusion in all patients. In 
those patients who did not receive exogenous cal- 
cium therapy, [Ca**] returned close to baseline 
within 5 minutes after termination of the FFP infu- 
sion. 


Study One 


Twenty-four patients were studied on 27 occasions; 1 
child was studied at two rates of infusion and another 
at three rates of infusion. The anesthetic drugs in- 
cluded nitrous oxide, intravenous morphine, and 
nondepolarizing muscle relaxant in 8 (balanced anes- 
thesia), balanced anesthesia with 0.25-0.5% inspired 
halothane in 13, balanced anesthesia and 1.0% in- 
spired halothane in 1, and balanced anesthesia with 
0.25-0.5% inspired enflurane in 5. The demographic 
data and baseline variables are presented in Table 1; 
there were no significant differences among the sub- 
sets of patients. Table 2 summarizes the observed 
responses at baseline and 5 minutes. 

A significant decrease in [Ca] occurred for all 
doses of FFP (P < 0.0001) (Fig. 1). The decrease in 
[Ca?*] was significantly greater at the rates of 1.5, 2.0, 
and 2.5 ml-kg !-min ' than at 1.0 ml-kg 'min`' (P = 
0.002); the decrease in [Ca**] for the three highest 
rates of FFP infusion did not differ (P = 0.38). For 
children age 10 or younger, the decrease in [Ca**] 
showed a weak inverse relation with age (r = —0.42, 
P < 0.05). Despite the decrease in [Ca**], there was, 
on average, no statistically significant decrease in 
MAP at any plasma infusion rate. Individual changes 
in MAP varied from a decrease of 26% to an increase 
of 25%. Clinically important decreases in MAP 
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Table 2. Hemodynamic Data* of Children Who Received 5-Minute Infusions of Fresh Frozen Plasma 





Mean arterial pressure 





(mm Hg) [Ca**] (mM/L) Q-oT, (sec) Heart rate (beats/min) 
Rate FFP End 5-min End 5-min End 5-min End 5-min 
(ml-kg '-min ') N Baseline infusion Baseline infusion Baseline infusion Baseline infusion 
1.0 7 764+44 72.0 + 5.1 1.17 + 0.02 0.98 + 0.04+ 0.171 + 0.016 0.174 + 0.023 123.4 + 4.3 124.7 + 3.6 
1.5 8 80.1+3.6 74.9+3.6 1.20 +0.04 0.82 + 0.03t.¢ 0.174 + 0.012 0.198 + 0.014 144.9 + 8.1 149.5 + 9.9 
2.0 6 73.2+8.6 77.6 + 10.0 1.09 + 0.02 0.75 + 0.03t.¢ 0.189 + 0.030 0.215 + 0:037 115:5 + 10.5 118.8 + 8.0 
2.5 6 824+2.5 81.0 +37 1.06 + 0.02 0.70 + 0.04¢,f 0.162 + 0.022 0.215 + 0.019§ 128.0 +7.3 135.2 + 7.0 





*Mean + SEM 

tP < 0.001 compared to baseline 
P < 0.002 compared to rate 1.0. 
§P < 0.05 compared to baseline. 


FRESH FROZEN PLASMA 





1.6 ml- kg '*min'«5 min 
(n=7) @ 1.0 
(n=8)° 1.5 Figure 1. This figure demonstrates the 
= 1.4 (n=6)02.0 decrease in [Ca*” | after 27 infusions of 
> (n=6) m 2.5 FFP, each of 5 minutes’ duration, to 
RTS IMeantSE. thermally injured children. Note that 
IR 12 3 highly significant reductions in [Ca**] 
S x accompanied all rates of infusion (*P 
QS < 0.0001); these reductions in [Ca**] 
N N 1.0 were significantly greater for the three 
N highest rates than for the lowest rate 
Ss (+P = 0.0021). Ionized calcium rapidly 
= 66 increased within 1 minute of stopping, 
the FFP (arrow) and approached nor- 
mal values within 5 minutes. 
Infusion Off 
0.6 
o 4 2 3 4 5 6 7 8 9 10 
TIME (minutes) 


(20-26%) occurred in five patients scattered among cardiovascular stability than when they did not re- 
three different rates of FFP infusion; the age of these ceive pretreatment with exogenous calcium. The 
five patients ranged from 1.0 to 9.0 years. In those greatest decrease in MAP was 9%, and the greatest 
children who had a decrease in MAP, the decrease in increase was 17% (increased in seven, decreased in 
MAP from baseline to 5 minutes was inversely related three). When the same children received no pretreat- 


to age (r = —0.48, P = 0.01). The Q-oT, interval was ment, the greatest decrease in MAP was 26% and the 
prolonged only at the highest rate of plasma infusion grectest increase in MAP was 10% (decreased in 
A = ae te was a apes pone I seven, increased in two, unchanged in one); these 
Peno | = | Ot ati cange ih * TapE differences did not reach statistical significance (Table 
examination of these same changes from baseline to 5 i > i Sed : 7 
; A 4). Two of these patients were anesthetized with 
minutes under halothane anesthesia versus other AE : à à ; 
‘ ; BE À balanced anesthesia and eight with balanced anesthe- 
anesthetic techniques showed no suggestion of a : i de 
i i i sia plus 0.25-0.5% inspired halothane. There were no 
relation between anesthetic agent and the develop- both Heiser’ ts sa aaah a 
ment of arterial hypotension. arrhythmias or significant changes in heart rate or 
i MA?. Both infusion rates produced a significant 
decrease in [Ca**] from baseline to 5 minutes, both 
when the children were pretreated and when they 
Study Two were not pretreated with CaCl, (P < 0.001). The 
The demographic data and baseline parameters for patients at the higher rate (1.5 ml-kg '-min ') expe- 
patients in Study Two are presented in Table 3. The rienced a significantly smaller decrease in [Ca~ ] from 
ten thermally injured children who received CaCl, 1 baseline to 5 minutes when treated than when un- 
minute before FFP infusion demonstrated greater treated (P = 0.0022); of note, however, was the sharp 
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Table 3. Demographic Data* of Children Who Were Pretreated with Calcium Chloride 





Surtace Days after 
Rate FFP area burned thermal Pao, Paco, Temperature 
(ml-kg min ') N — Age (vr) Weight (kg) (%) injury pH (mm Hg) (mm Hg) CC) 
1.0 St 10.6449 40.3417.8 68.2 + 31.7 86213 73900 iIWOt25S J624 1S 364+ 1.1 
1.0 St 1106+49 4022178 68.22387 120£07 739004- 13462156 34.8245 357 +08 
1.5 5t 41+2:9 167+ 40 54.0 + 22.5 8&8 +41 7.39+0.04 12402140 342+5.2 358+ 0.6 
1.5 5ł 4.1 £29 16.62 4.1 5402225 120247 74300 4362415 350432 361 £08 
*Mean + SEM. 
tNo calcium treatment. 
t¢Calcium treatment (5.0 mg/kg calcium chloride). 
Table 4. Hemodynamic Data* of Children Who Were Pretreated with Calcium Chloride 
Mean arterial pressure 
(mm Hg) [Ca*" ] (mM/L) Q-oT, (sec) Heart rate (beats/min) 
Rate FFP End 5-min End 5-min End 5-min End 5-min 
(ml-kg min ') N Baseline infusion Baseline infusion Baseline infusion Baseline infusion 
1.0 5t 74.7462 75.5+66 1.18 +0.02 0.98+0.04§ 0.175 + 0.023 0.168 + 0.032 127.0 +2.5 127.6 + 3.8 
1.0 5¢ 81.5 +79 8462+87 1.20 +0.02 1.06+0.03§ 0.202 + 0.011 0.196+ 0.011 117.6 +3.0 120.2 + 3.1 
1.5 5t 85.5 +36 74.8 +57 1.20+0.06 0.81 +0.04§ 0.170 +0.019 0.206 + 0.023 139.4 + 9.3 142.6 + 13.6 
1.5 S£ 813269 812 E53 LHE + 0.023 0.161 + 0.025 129.8 + 11:6 131.2 + 13.6 


. : 5. + 0.04 @.88 + 0.05§,\| 0.137 


*Mean + SEM. 

tNo calcium treatment. 

{Calcium treatment (5.0 mg/kg calcium chloride). 

§P = 0.001 compared to baseline. 

||P = 0.0022 for the difference (0.156) between the change from baseline to 5 minutes when treated and the change when untreated [(pretreated, 5 minutes) 
~ (pretreated, baseline)] — [(untreated, 5 minutes) — (untreated, bas-line)] 









Perl 
inister 
FRESH FROZEN PLASMA 
ml-kg'min'«5 min 
1.6 
(n=5) @ 15 
(n=5) o 4.5 
14 {+5.0mg/k 
N aen i) Figure 2. This figure contrasts the re- 
=~ TMeon + S.E. sponse of five thermally injured chil- 
S Ry dren when they did not receive cal- 
= 12 cium chloride before FFP infusion to 
3 = 
XN that of the same five children when 
ag they did receive calcium chloride (5 
N È 1.0 mg/kg). Note the sharp rise in [Ca**] 
= produced by bolus calcium chloride 
Ss administration (arrow). A significantly 
~~ 16.8 greater decrease in [Ca*~] occurred in 
t the untreated children (tP = 0.0022). 
Infusion Off 
0.6 
o 1 2 3 4 5 6 7 8 9 10 
TIME (minutes) 
increase in |Ca?"] 1 minute after calcium administra- Study Three 


tion (Fig. 2). 
The four children who received exogenous calcium Four patients received FFP infusions at 2.0 


during the FFP infusion demonstrated the least fluc- ml-kg 'min`' and 1.0 ml-kg ` ‘min! for 10 minutes. 
tuation in [Ca**] (Fig. 3); MAP increased in all four The demographic data (mean + sp) for the four 
patients. Two were anesthetized with balanced anes- patients studied twice were: age, 2.3 + 1.8 years; 


thesia and two with balanced anesthesia plus 0.25% weight, 12.7 + 5.1 kg; percentage of burn, 53.0 + 
inspired enflurane. 24.8; days after thermal injury, 7.0 + 4.8; tempera- 
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Calcium 010 
16 Admin ois 
| 020 


IONIZED CALCIUM 
(mMo!// liter) 


Infusion Off 





Figure 3. This figure demonstrates the 
change in ionized calcium in four ther- 
mally injured patients who received cal- 
cium chloride after 2 minutes of FFP in- 
fusion (arrow). Note that there were no 
sharp increases or decreases in [Ca*~] 





o 4 2 3 4 5 6 
TIME (minutes ) 


Table 5. Hemodynamic Data* of Four Children Who Received Fresh Frozen Plasma at the Rates of 1.0 and 2.0 


ml-kg '-min ' for 10 Minutes 





Mean arterial Central venous 


Heart rate 








pressure (mm Hg) pressure (mm Hg) [Ca>* | (mM’L) Q-oT, (sec) (beats/min) 

End End End End End 

Rate FFP 10-min 10-min 10-min 10-min 10-min 
(ml-kg ‘min ') Baseline infusion Baseline infusion Baseline infusion Baseline infusion Baseline infusion 
1.0 76.0 + 73:8 + 4.1 7.2% 1.06 = 0.83 + 0,205 + 0.194 + 143.2 + 139.2 + 

8.1 9.1 1.2 2.9 0.08 0.04t 0.026 0.013 15.0 10.8 
2.0 79.0 2 $2.7 + 4.1 + 13.5: + 1.03 = 0:79 + 0,147 + 0.190 + 145.8 + 146.8 + 

6.5 6.6," 1.8 2.5t.4 0.09 0.06+ 0.023 0.019§ 9.1 10.1 





"Mean + SEM 

tP < 0.0001 compared to control. 
P = 0.0007 compared to rate 1.0 
§P = 0.0120 compared to rate 1.0 
||P < 0,005 compared to control 
“P = 0.0097 compared to rate 1.0 


ture, 37.2 + 0.7°C; pH, 7.36 + 0.04; Paco,, 37.0: + 2.7 
mm Hg; and Pao,, 137.8 + 34.7 mm Hg; each of these 
patients was anesthetized with balanced anesthesia. 
The cardiovascular effects and changes in [Ca*’ | from 
baseline to 10 minutes are presented in Table 5. The 
higher infusion rate resulted in a slightly more rapid 
decrease in [Ca**] between infusion rates (P > 0.25). 
There were no statistically significant or clinically 
important decreases in MAP (P > 0.5). The higher 
rate of FFP administration resulted in a significant 
elevation in central venous pressure (CVP, P < 
0.0001). In addition, the increase in CVP was signif- 
icantly more rapid at the higher rate (P = 0.0007). The 
decrease in [Ca**] at 6 minutes was comparable to 
that observed with the shorter infusions of the same 
rate at 5 minutes. There was no greater decrease in 
[Ca**] at 10 minutes for the 10-minute infusions 
compared to the same rates of infusion of 5 minutes’ 
duration at 5 minutes. Neither rate produced a sig- 


nificant change in the Q-oT, interval from baseline to 
10 minutes. 


Discussion 

Numerous studies in adults and children have found 
an association between reduced [Ca**] and elevated 
plasma citrate levels; citrate itself has no known 
hemodynamic effects (4-7,12,13). Ionized hypocalce- 
mia as a result of chelation by citrate has been 
demonstrated to cause peripheral vasodilation and 
myocardial depression (1-3,14,15). Because FFP has 
the highest citrate concentration per unit volume of 
any blood product, and because its low viscosity 
allows rapid administration without interruption, 
ionized hypocalcemia is most likely to occur during 
FFP infusion. Pediatric patients, who have a small 
circulating blood volume, are potentially at risk for 
ionized hypocalcemia whenever FFP is transfused. 
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Clinically important decreases in MAP and [Ca**] 
were observed in this study, but the correlation 
between [Ca*'] changes and hemodynamic re- 
sponses did not reach statistical significance. We did 
not find a consistent systemic vascular response 
during or after the rapid infusion of FFP other than 
severe but transient ionized hypocalcemia. 

The data show inconsistent degrees of arterial 
hypotension during rapid administration of FFP; this 
suggests an etiology that is more complex than ien- 
ized hypocalcemia alone to explain the previously 
observed episodes of cardiac arrest or severe hypo- 
tension. Possible contributing factors include libera- 
tion of vasoactive substances (e.g., prekallikrein 
activator or protease-released kininogen) from gran- 
ulocytes and platelets, myocardial depression caused 
by potent anesthetic agents (added to that caused by 
ionized hypocalcemia), and variations in citrate me- 
tabolism or calcium homeostasis (16,17). 

The decrease in [Ca] observed in the children 
with thermal injury receiving 1.5, 2.0, and 2.5 
ml-kg 'min ' was nearly identical to unburned 
adults receiving 100-150 ml-kg ‘min ' whole blond 
(4). There was no relation between acute reductions 
in [Ca?*] and prolongation of the Q-oT, interval; in 
some children the Q-oT, interval shortened despite 
severe ionized hypocalcemia; this is consistent with 
data of other investigators (18). The nearly identical 
decrease in [Ca] during 5- and 10-minute FFP 
infusions suggests a compensatory mechanism such 
as mobilization of calcium or very rapid metabolism 
of citrate. The increase in CVP could reflect either a 
volume-loading effect or myocardial depression; this 
is also consistent with studies in adults (4). 

In a dog model, a deeper plane of halothane 
anesthesia has been demonstrated to produce greater 
myocardial depression and greater ionized hypoeal- 
cemia during rapid citrate infusion compared to 
lighter planes of halothane anesthesia (19). The pos- 
tulated mechanism for potent inhalation agent- 
mediated myocardial depression is an alteration in 
myocardial calcium transport (20-24). Therefore, it is 
not surprising that adverse cardiovascular events 
might occur when available [Ca] is suddenly re- 
duced by citrate. Most of the children in this study, 
however, were anesthetized with a combination of 
narcotic, nitrous oxide, and muscle relaxant; in those 
patients receiving potent inhalation agents, only low 
concentrations of enflurane or halothane were ad- 
ministered. The anesthetic technique was not con- 
trolled because at the time of these clinical studies the 
possible effect of potent inhalation agents was un- 
known. Indeed, it was this clinical study that encour- 
aged us to explore, in a dog model, the possible role 
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of halothane anesthesia. In this clinical study, the 
children with the greatest decrease in MAP had 
different anesthetic techniques, and others with sim- 
ilar anesthetic drugs had no clinically important re- 
ductions in MAP; we did not find any relation be- 
tween anesthetic agents and adverse cardiovascular 
response. Perhaps if deeper planes of anesthesia with 
potent anesthetic agents had been utilized, we would 
have observed greater myocardial dysfunction (24). 

Low [Ca*'] values have been described in adults 
and thermally injured children as long as 35 days 
after the injury, and could possibly have contributed 
to the development of ionized hypocalcemia; all pa- 
tients in this study, however, were normocalcemic 
before FFP administration (25). 

Age-related responses may also be an important 
factor to consider, especially in neonates, in whom 
ionized hypocalcemia frequently occurs (13). It is 
known that total body calcium stores increase with 
age and muscle mass (26). Adult calcium stores are 
not achieved until adolescence with the onset of 
increased circulating levels of gonadotropins and 
somatomedin (27). Because adult somatomedin levels 
are achieved by age 10, we analyzed the data from 
patients under the age of 10 and found a weak (P < 
0.05) inverse relation between decrease in [Ca** | and 
age (27). Weight was not used as a covariate because 
of the mix in sex, ethnic origin, and tissue loss due to 
the burn injury. There was a strong inverse relation 
between decrease in MAP and age for all patients; 
this may reflect age-related differences in the ability 
to mobilize [Ca**] rapidly during the hypocalcemic 
state, although this has not been studied. The size of 
our study population, the demographics of children 
with thermal injury, and the time required to achieve 
a large thermally injured study population of specific 
age groups requiring FFP infusion during surgery 
preclude a more rigorous examination of the effects of 
age. 

Citrate metabolism may have a particularly impor- 
tant influence on the findings of this study. Factors 
that increase metabolic rate or hepatic blood flow may 
hasten the clearance of citrate. It is known that the 
thermally injured patient develops a hyperdynamic 
state 3 to 5 days after acute thermal injury; it is 
possible that increases in citrate metabolism may 
result purely from increased hepatic blood flow 
(28,29). Conversely, because citrate is primarily me- 
tabolized by the liver, any depression of hepatic 
blood flow may decrease citrate metabolism (30). The 
thermally injured patient’s metabolic rate is increased 
by approximately 40%, and glucose and lactate turn- 
over is increased four- to eightfold (28,29). Because 
citrate feeds directly into the tricarboxylic acid cycle, 
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it is possible that citrate is metabolized more rapidly 
in the thermally injured patient. 

Significant renal citrate metabolism has also been 
demonstrated in dogs; an increase in glomerular 
filtration rate and renal blood flow, the normal re- 
sponse to thermal injury, could also partially explain 
the apparently rapid clearance of citrate in children 
with thermal injury, although this mechanism has 
not been studied in humans (31,32). In this study the 
effects of hypothermia and hypovolemia were mini- 
mal because all patients studied were within an 
acceptable temperature range and all were normovo- 
lemic as judged by the usual indexes (i.e., central 
venous pressure, contour of the arterial wave form, 
heart rate, and urine output (33,34). 

In summary, our study suggests that children with 
acute thermal injuries tolerate massive citrate loads 
relatively well, which is the reverse of our original 
hypothesis. 

The administration of exogenous calcium ap- 
peared to blunt adverse cardiovascular events that 
occasionally accompany the rapid infusion of FFP. 
Although the degree of ionized hypocalcemia did not 
clearly correlate with changes in MAP, we think that 
concurrent calcium replacement therapy is probably 
indicated during rapid FFP infusion to avoid possibly 
dangerous fluctuations in [Ca?" ]. 

Finally, we wish to emphasize that FFP was ad- 
ministered only when clinically indicated to replenish 
clotting factors lost during massive blood loss; FFP 
should not be administered purely for volume re- 
placement. 





We thank Dr. Richard J. Kitz for careful review and Ms. Marjorie 
A. Coté for technical assistance. 
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GALLO JA, CORK RC, PUCHI P. Comparison of effects 
of atracurium and vecuronium in cardiac surgery patients. 
Anesth Analg 1988; 67:161-5. 


To compare the cardiovascular effects of intubating doses of 
atracurium besylate and vecuronium bromide in cardiac 
surgical patients while utilizing fentanyl anesthesia, 20 
patients scheduled for elective coronary artery bypass sur- 
gery were randomly assigned to two equal groups in a 
double-blind fashion. Two minutes after induction of anes- 
thesia, baseline hemodynamic measurements were obtained 
and either atracurium 0.5 mg/kg (group 1) or vecuronium 
0.12 mg/kg (group 2) was administered as an intravenous 
bolus. Hemodynamic measurements were then repeated 2, 
5, and 10 minutes after injection. Atracurium produced a 
statistically significant decrease in blood pressure at 2 
minutes and a statistically significant increase in cardiac 
output and decrease in systemic vascular resistance at 2, 5, 
and 10 minutes. Vecuronium produced no statistically 


siguificant changes in any hemodynamic variable measured 
other than a decrease in pulmonary capillary wedge pres- 
sure 10 minutes after the drug was administered. The 
hemodynamic changes seen with atracurium were closely 
related to changes in serum histamine levels, whereas 
histamine level did not change after vecuronium, There 
were no statistically significant differences between the two 
groups, even though after atracurium statistically signifi- 
cant changes were observed while there were no statistically 
significant changes associated with vecuronium. It is con- 
cluded that when utilizing the above clinical dose range, use 
of vecuronium may be advantageous over use of atracurium 
when hemodynamic stability is crucial in the anesthetic 
management of cardiac surgical patients. 


Key Words: NEUROMUSCULAR RELAXANTS— 
atracurium, vecuronium, HISTAMINE—atracurium, 
vecuronium. 





Atracurium besylate and vecuronium bromide are 
nondepolarizing muscle relaxants with intermediate 
duration of action. Both have been reported to be 
devoid of significant hemodynamic side effects in 
humans when used in clinically effective doses (1,2). 
However, other studies have indicated that atracu- 
rium may produce significant histamine release on 
injection, resulting in significant hemodynamic side 
effects when used both within and above the normal 
clinical dose range (3). The pharmacology of atracu- 
rium and vecuronium has been well summarized and 
compared to that of other currently available muscle 
relaxants (4). However, the majority of studies that 
have looked at the hemodynamic effects of these two 
agents are flawed by the fact that they have not 


Supported by Organon Inc., Orange, New Jersey. 

Presented at the Annual Meeting of the International Anesthe- 
sia Research Society, Orlando, Florida, March 1987. 

Received from the Department of Anesthesiology, The Univer- 
sity of Arizona Medical School, University Medical Center, Tuc- 
son, Arizona, Accepted for publication September 18, 1987. 

Address correspondence to Dr. Gallo, Department of Anesthe- 
siology, Arizona Health Sciences Center, Tucson, AZ 85724. 


©1988 by the International Anesthesia Research Society 


subjected these two muscle relaxants to a head-to- 
head comparison. One or the other has been studied, 
but few authors have investigated the full hemody- 
namic profile of these drugs using the same protocol. 
Thus, this study was undertaken to compare the 
hemodynamic effects and to investigate the hista- 
mine-releasing potential of each agent. 


Methods 


Twenty patients scheduled for elective coronary ar- 
tery bypass surgery were randomly assigned to two 
equal groups by the flip of a coin. Informed consent 
was obtained from all patients involved and the study 
was approved by the Human Subjects Committee of 
our institution. All patients had documented multi- 
vessel coronary artery disease and were classified as 
Functional Class II or III according to the New York 
Heart Association Functional Class Scale. Patients 
with a history of a myocardial infarction within the 
last 6 months or with a demonstrated high-grade left 
main coronary artery obstruction, by coronary angio- 
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Table 1. Group 1: Atracurium 0.5 mg/kg 
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Baseline 2 min 5 min 10 min 
HR (beats/min) 53.2 + 2:1" 57.4 + 3.2 54.6 + 3.0 54.8 + 3.5 
SBP (systolic—mm Hg) 130.8 + 5.4 117.3 + 8.3t 131.5 + 8.5 135.9 + 5.8 
DBP (diastolic—mm Hg) 66.7 + 2.8 58.5 + 4.6t 63.5 + 3.2 65.5 = 3.1 
CO (liters/min) 3.53 + 4.42 + 40t 4.51 + .43t 4.69 + 44t 
SVR (dynes-sec-cm *) 1776 + 95 1341 + 131+ 1465 + 139+ 1472 + 134+ 
PCWP (mm Hg) 14.8 + 1.2 12:5'+°1,2 12.0 + 1.3t 11.9 + 1.0+ 
% Change histamine from baseline 0" 95.5 + 49. 1+ 146.8 + 68.6t 59.6 + 46.5t 





*Mean = se; n = 10, 
tP < 0.05 from baseline. 


Abbreviations: HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; CO, cardiac output; SVR, systemic vascular resistance; PCWP, 


pulmonary capillary wedge pressure. 


graphy, were excluded from the study. All patients 
had an ejection fraction >0.5 and a left ventricular 
end-diastolic pressure <15 mm Hg. Patients were 
randomly assigned, in a double-blind fashion, to 
receive either atracurium (group 1) or vecuronium 
(group 2). A research assistant not involved in the 
recording of hemodynamic data would perform the 
flip of the coin to determine the group to which the 
patient was assigned. Then, based on the weight of 
the patient, the appropriate dose of atracurium or 
vecuronium was placed in a syringe in a total volume 
of 5 ml. Sterile water was utilized as the dilutent 
when necessary. Five patients in group 1 and six 
patients in group 2 were receiving B-adrenergic 
blocking drugs in doses ranging from the equivalent 
of 10 mg to 40 mg of propranolol three times a day. 
Cardiac medications, including B-adrenergic blocking 
drugs, slow calcium channel blockers, and nitrates 
were continued through the morning of surgery 

All patients received oral lorazepam (l-2 mg), 
morphine (0.1 mg/kg IM), and scopolamine (0.3-0.4 
mg IM) 2 hours before induction of anesthesia. Pa- 
tients were continuously monitored utilizing a bwo- 
lead electrocardiogram (leads II and V5), and central 
venous, pulmonary-artery, and radial artery cathe- 
ters. Catheter placement was facilitated by the use of 
1% lidocaine without epinephrine for local anesthe- 
sia. Additionally, during catheter placement, loraze- 
pam (1-2 mg IV) was administered for further seda- 
tion. Patients then breathed oxygen at a Flo, of 1.0, 
and anesthesia was induced with fentanyl] (150 ug IV) 
and lorazepam (4 mg IV). After induction of anesthe- 
sia as indicated by loss of lid reflex, ventilation was 
controlled using a facemask and a pharyngeal airway 
throughout the period of study. 

Two minutes after the induction of anesthesia, 
baseline hemodynamic measurements were made 
and the muscle relaxant was administered intrave- 
nously as a bolus. Group 1 patients received atracu- 
rium 0.5 mg/kg, group 2 patients received vecuro- 
nium 0.12 mg/kg. Hemodynamic measurements were 


then repeated at 2, 5, and 10 minutes after the drug 
was administered. Samples for measurement of arte- 
rial blood gas tensions and serum histamine levels 
were obtained at the same times. Hemodynamic 
variables measured included heart rate (HR), systolic 
blood pressure (SBP), diastolic blood pressure (DBP), 
pulmonary artery pressure (PAP), central venous 
pressure (CVP), pulmonary capillary wedge pressure 
(PCWP), and cardiac output (CO). Iced 5% dextrose 
in water and an Edward's Cardiac Output Computer, 
model 9510A, were used to measure cardiac output, 
the final value being determined by calculating the 
mean of duplicate thermodilution values. Systemic 
vascular resistance (SVR) and pulmonary vascular 
resistance (PVR) were calculated from the above data 
using the standard formulas. Serum histamine levels 
were determined by a radioenzymatic analysis using 
High Specific Activity Tritiated H-Methyl S-adenosyl- 
methionine and purified histidyl-N-methyltrans- 
ferase (HNMT). 

Analysis of the data was performed using a two- 
way analysis of variance, Student's t-tests for paired 
and grouped data (with the Bonferroni correction for 
multiple comparisons), and linear regression. Statis- 
tical significance was set at P < 0.05. 


Results 


Results in groups 1 and 2 are shown in Tables 1 and 
2, respectively. Analysis of the data revealed statisti- 
cally significant hemodynamic changes which show 
that in group 1 (atracurium) systolic and diastolic 
blood pressures decreased significantly below base- 
line values 2 minutes after bolus injection of the drug. 
Additionally, cardiac output increased significantly 
over baseline levels 2, 5, and 10 minutes after the 
bolus of atracurium. These increases in cardiac out- 
put were associated with significant decreases in 
systemic vascular resistance. Pulmonary capillary 
wedge pressure was also decreased significantly be- 


ATRACURIUM VS, VECURONIUM IN CARDIAC SURGERY PATIENTS 


Table 2. Group 2: Vecuronium 0.12 mg/kg 
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Baseline 2 min 5 min 10 min 
HR (beats/min) 57.8 + 4.4" 57.5 + 3.8 55.9 + 3.9 56.3 + 4.2 
SBP (systolic - mm Hg) 133.8 + 7.6 129.5 + 4.8 129.8 + 5.3 125.1 + 5.6 
DBP (diastolic - mm Hg) 65.1 + 3.2 61.9 + 2.7 61.8 + 2.3 60.5 + 2.2 
CO (liters/min) 4.31 + 0.34 4.63 + 0.35 4.24 + 0.43 4.26 + 0.41 
SVR (dynes:seccm “) 1444 + 111 1352 + 133 1604 + 256 1473 + 142 
PCWP (mm Hg) IELE EF 13:8: E 1:2 13.3 + 1.0 12:3: 1.2% 
% Change histamine from baseline 0° 17.0 + 15.6 =12.1 + 32:5 —45.] + 14,1 





*Mean + se; n = 10 
tP < 0.05 from baseline 
Abbreviations as in Table 1. 


Histamine and Blood Pressure 
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Change in Mean Blood Pressure at 5 min (%) 
Figure 1. Changes in histamine levels in individual patients cor- 
relate strongly with changes in blood pressure for patients in the 
atracurium group (group 1), but no correlation exists between 
changes in histamine levels and changes in blood pressure in the 
vecuronium group (group 2). 


Change In Histamine at 5 min (%) 
S 
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low baseline levels 5 and 10 minutes after injection of 
the drug. Patients in group 2 (vecuronium) showed 
no significant change from baseline values in any of 
the hemodynamic variables measured other than a 
statistically significant decrease in pulmonary capil- 
lary wedge pressure 10 minutes after the administra- 
tion of the drug. No statistically significant differ- 
ences between groups were found. 

Tables 1 and 2 summarize data on percent changes 
in serum histamine levels from baseline in response 
to bolus injection of atracurium or vecuronium, re- 
spectively. In the atracurium group (Table 1), the 
percentage increase in serum histamine levels from 
baseline was statistically significant at each interval of 
measurement. The increases in serum histamine 
were associated with significant increases in cardiac 
output and decreases in systemic vascular resistance 
at each time point. With vecuronium (Table 2), no 
significant changes occurred in serum histamine lev- 
els. Figure 1 shows that the changes in an individual 
patient’s serum histamine level correlated signifi- 
cantly to changes in mean arterial pressure 5-minutes 
after atracurium, whereas no such correlation existed 
after vecuronium. 

The patients in groups 1 and 2 did not significantly 
differ from each other with respect to patient char- 


acteristics such as age, sex, New York Heart As- 
sociation Class, ejection fraction, left ventricular end 
diastolic pressure, medications, or baseline hemody- 
namic data. Baseline SVR appears to be somewhat 
higher in group 1 than in group 2. However, analysis 
of the data revealed that this difference is not statis- 
tically significant. Additionally, no electrocardio- 
graphic changes consistent with ischemia were noted 
in either group throughout the period of study. No 
statistically significant differences were noted be- 
tween groups with respect to Po, Pcoz, pH, and 
bicarbonate. All patients were well oxygenated with a 
Pco, maintained between 35-45 mm Hg and pH in 
the 7.36-7.44 range throughout the study. 


Discussion 


Hemodynamic stability is an integral and essential 
goal of any anesthetic management plan in patients 
with cardiac disease. The importance of this stability 
in terms of patient outcome has recently been empha- 
sized (5). In this study, equipotent doses (2.5 times 
the EDy; for neuromuscular blockade) were utilized 
(6,7). Used within this clinical dose range, vecuro- 
nium produced fewer hemodynamic side effects than 
did atracurium. This is particularly true with respect 
to the lack of a statistically significant decrease in 
systemic vascular resistance and a reflex increase in 
cardiac output that was seen with atracurium. These 
results are similar to those found by Lennon et al. (8), 
who reported on the hemodynamic changes pro- 
duced by doses of atracurium and vecuronium which 
were approximately six times the ED. for each drug. 
In that study, atracurium produced a decrease in 
mean arterial pressure of >20% within the first 60 
seconds in 42% of patients given the drug (1.5 
mg/kg). Vecuronium, on the other hand, produced 
minimal hemodynamic side effects in patients receiv- 
ing an equipotent dose (0.25 mg/kg). The authors (8) 
went on to report that blood pressure after intubation 
increased in the vecuronium group but remained 
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decreased in the group given atracurium. They attrib- 
uted these changes in the vecuronium group to the 
intubation stimuli, whereas they believed that the 
hemodynamic side effects of atracurium more than 
counteracted the hypertensive response to laryngo- 
scopy. The hemodynamic data were not obtained 
after tracheal intubation in the present study. The 
patients were ventilated by facemask throughout the 
period of study, after which they received a high- 
dose fentanyl (50 g/kg IV) anesthetic before tracheal 
intubation. In this way, the hemodynamic conse- 
quences of tracheal intubation under light anesthesia 
were avoidec. 

The undesirable cardiovascular changes produced 
by nondepolarizing muscle relaxants may be second- 
ary to histamine release, ganglionic blockade, cardiac 
antimuscarinic effects, and/or sympathomimetic ef- 
fects. As shown in Tables 1 and 2, and in Figure 1, the 
hemodynamic effects produced by atracurium corre- 
lated well with increases in serum histamine levels. 
However, Figure 1 illustrates that there is marked 
variability with respect to the degree to which hista- 
mine levels increased after the injection of atracu- 
rium. This agrees with the findings of Philbin et al. 
(3), who suggested that a small portion of the popu- 
lation is capable of releasing large amounts of hista- 
mine after receiving doses of atracurium even lower 
than the dose used in this study. The hemodynamic 
data are also consistent with the finding of other 
investigations that intubating doses of atracurium, 
when administered as a bolus, are associated with 
statistically significant hemodynamic effects (7,9) 

The undesirable consequences of histamine release 
on the cardiovascular system are well known and 
have been summarized (10). The inotropic, chrono- 
tropic, antidromic, and coronary artery flow effects of 
histamine in the human myocardium have been 
demonstrated (9). In addition, histamine may lower 
the threshold for ventricular fibrillation and may 
contribute to the generation of malignant arrhyth- 
mias. Moss and Rosow (10) suggest that drugs with 
histamine-releasing properties be used with caution 
in patients known to have arrhythmias. The periph- 
eral vasculature also responds to increased blood 
levels of histamine with vasodilation and increased 
vascular permiability. Hence, drugs with marked 
histamine releasing properties are undesirable in the 
cardiac surgical patient. These and other undesirable 
effects of histamine release have been described by 
Siler et al. (11), who reported on a case of a 34-year- 
old, ASA I woman who developed hypotension, 
tachycardia, and bronchospasm after an intravenous 
bolus of atracurium. 

The results of this study reveal that vecuronium is 
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free of significant hemodynamic side effects at the 
dose used. This is in agreement with the work of 
Morris et al. (1), who found minimal hemodynamic 
effects from a dose of vecuronium almost three times 
that utilized in this study. However, Figure 1 also 
illustrates that, although it is not as marked as with 
atracurium, there is variability in the hemodynamic 
responses of individual patients to a vecuronium 
bolus. The etiology of this variability is not immedi- 
ately clear. Figure 1 shows that the decrease in mean 
arterial pressure seen in some patients secondary to 
vecuronium does not correlate with changes in serum 
histamine levels. Sutherland et al. (12) have sug- 
gested that large doses of vecuronium may possess 
ganglionic blocking activity. Although this may be a 
possible, if only partial, explanation the reason for 
the patient variability remains to be elucidated. How- 
ever, the data in Table 2 illustrate that although 
patient variability occurs, it is not enough to produce 
significant hemodynamic alterations in response to 
vecuronium. 

Are the statistically significant hemodynamic ef- 
fects produced by an intubating dose of atracurium of 
clinical significance? In this patient population, as 
well as in the majority of patients with a normally 
functioning myocardium, the answer is probably no. 
Despite the fact that all the patients had significant 
coronary artery disease, no patient developed elec- 
trocardiographic changes consistent with ischemia. 
Although the possibility of early ischemia and wall 
motion abnormalities was not excluded, the hemody- 
namic changes produced by atracurium were tran- 
sient and clinically well tolerated by all patients, all of 
whom had normal postoperative recoveries. How- 
ever, it must be remembered that all patients under 
study had normal ventricular function. Hence, when 
the systemic vascular resistance decreased, they 
could respond by increasing cardiac output, thus 
attenuating the decrease in systemic blood pressure. 
Although not determined by this study, the real 
clinical significance of the hemodynamic sequelae 
resulting from histamine release produced by an 
intubating dose of atracurium might be seen in pa- 
tients with poorly functioning myocardiums. The 
“sick” myocardium may not have the reserve ade- 
quate to increase cardiac output in response to the 
inotropic effects of histamine and the decrease in 
systemic vascular resistance. In this situation, the 
decrease in blood pressure could be more marked 
than that seen in the present study. 

Many factors play a role in the determination of 
the muscle relaxant utilized in the surgical patient. 
These include duration of action, route of metabo- 
lism, cost, physical status of the patient (in particular 
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the myocardium) and/or the histamine releasing ca- 
pability of the agent to be used, and the hemodyna- 
mic consequences of such release. Hemodynamic 
stability is important in the anesthetic management of 
any patient. If the patient has known cardiovascular 
disease or is critically ill, hemodynamic stability be- 
comes even more important and may be crucial in 
determining the eventual outcome. From our data we 
conclude that when utilizing the above clinical dose 
range, use of vecuronium may be advantageous over 
use of atracurium. This is particularly true in the 
patient with cardiac disease in whom the cardiovas- 
cular sequelae of histamine release are undesirable. 
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The reproductive and teratogenic effects of sufentanil and 
alfentanil were studied in a total of 168 Sprague-Dawley 
rats in two separate experiments. Either sufentanil (10, 50, 
or 100 pgkg`'-day ') or alfentanil (8 mg-ke ‘day ') 
were administered continuously from day 5 through daw 20 
of pregnancy using subcutaneously implanted osmotic min- 





ipumps. Cesarean sections were performed on day 20 of 
pregnancy, reproductive indexes were determined, and the 
1484 fetuses were examined for external, visceral, and 
skeletal abnormalities. No significant adverse reproductive 
or teratogenic effects were observed with either narcotic. 


Key Words: NARCOTICS—sufentanil, alfentanil. 
PREGNANCY, TERATOGENICITY—sufentanil, 
alfentanil. TOXICITY, rEpRopucTiIve—sufentanil, 
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For the past 10 years we have studied the repreduc- 
tive and teratogenic effects of the inhaled anesthetics 
in several rodent models (1-8). Until recently, reliable 
studies of parenteral anesthetic agents and narcotics 
were not possible because of the extensive maternal 
toxicity associated with bolus administration of even 
relatively low doses of these drugs. The use of 
chronically implanted subcutaneous (SC) osmotic 
minipumps has, however, permitted delivery of high 
total daily doses of local anesthetics and narcotics at a 
constant rate throughout organogenesis without caus- 
ing adverse maternal physiologic effects. Thus, we 
have studied lidocaine and fentanyl and found that 
they are devoid of adverse reproductive effects (9,10). 
In the present study, we have extended our reproduc- 
tion and teratology investigations of parenteral agents 
to include the new narcotics, sufentanil and alfentanil. 


Methods 


Timed pregnant Sprague-Dawley rats were received 
from the breeder (Hilltop Lab Animals, Inc., Scott- 
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dale, PA) either on day 2 (sufentanil experiment) or 
on day 4 of pregnancy (alfentanil experiment), 
weighed, and identified with metal ear tags. (Day 0 of 
pregnancy was defined as the day a copulatory plug 
was observed in the vagina.) Rats were bedded on 
ground corncob (Bed-O’Cobs, Anderson's Cob Divi- 
sion, Maumee, OH), housed four per cage and fed 
standard laboratory rodent food (Wayne Lab Blox, 
Allied Mills, Inc., Chicago, IL) and tap water ad 
libitum. Temperature in the animal room was main- 
tained at 21-24°C and artificial light was provided 
from 6 AM to 7 pm each day. Care of rats was in 
accordance with institutional guidelines. 

Two separate experiments of similar design were 
performed. In each experiment, on day 5 of preg- 
nancy, an osmotic minipump with a 15-day drug 
supply (Alzet miniosmotic pump, model 2ML2, 5 
pl/hr delivery rate, Alza Corp., Palo Alto, CA) was 
implanted SC in the back of each rat (11). To accom- 
plish the procedure, which took less than 1 minute to 
complete, general anesthesia was induced with an IM 
injection of 0.3 ml/kg of a mixture containing keta- 
mine 60 mg/ml, xylazine 6 mg/ml, and acepromazine, 
1.2 mg/ml. In the first experiment, 128 rats were 
assigned to four groups of approximately equal aver- 
age weight and were treated with either: 1) saline 
(control; n = 39); 2) a low dose of sufentanil (10 
ugkg ‘day '; n = 30); 3) an intermediate dose of 
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Table 1, Summary of Group Body Weight and Body Weight Changes* 
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Alfentanil 
(mg/kg 
Sufentanil (ug/kg per day) per day 
Group Control 10 50 100 Control 8 
No. of rats studied 39 30 30 29 20 20 
Body weight 
On arrival from breeder 202 + 16 202 + 14 203 + 16 201 + 14 204 + 14 207 + 12 
Day 11 of pregnancy 244 + 15 245 + 14 242 t17 241 + 14 265 + 16 268 + 19 
Day 20 of pregnancy 342 + 28 347 + 23 332 + 40 327 + 38 359: = 23 345; + 32 
(day of cesarean 
section) 


*Values are in grams (mean + sp). 


sufentanil (50 ugkg day '; n = 30); or 4) a high 


dose of sufentanil (100 zg-kg '-day '; n = 29). In the 
second experiment, 40 rats were allocated to two 
groups and were treated with either; 1) saline (con- 
trol; n = 20); or 2) a high dose of alfentanil (8 
mg-kg '-day '; n = 20). Sufentanil and alfentanil 
solutions were prepared from citrate powders 
(Janssen Pharmaceutica, Piscataway, NJ) dissolved in 
normal saline. Dosages of the narcotics were based 
on data from preliminary studies in which we deter- 
mined the highest dose that did not cause maternal 
weight loss. In our experience with narcotics deliv- 
ered with osmotic minipumps, maternal weight loss 
consistently occurs before respiratory depression. 
Only the highest dose of alfentanil was studied with 
the intention of studying lower doses if the single 
dose gave positive results. Rats were weighed every 
2-3 days during the experiment. 

On day 20 of pregnancy, 1 day before the expected 
delivery date, rats were killed by carbon dioxide 
inhalation and cesarean section was performed. The 
uterus was examined and the number and position of 
live and dead fetuses, resorptions, and implantations 
were recorded. The weight and sex of each live fetus 
were determined and all fetuses were examined for 
external abnormalities. Every other fetus was fixed in 
70% ethanol and macerated with potassium hydrox- 
ide. The skeleton was then stained with alizarin red S 
using the modified method of Staples and Schnell 
(12), cleared with glycerol, and subsequently exam- 
ined microscopically for skeletal abnormalities. The 
remainder of the fetuses were preserved in Bouin’s 
solution and subsequently dissected and examined 
microscopically for visceral abnormalities as de- 
scribed by Barrow and Taylor (13). All examinations 
were done without knowledge of the treatment 
groups. 

Abnormalities were classified as follows. Fetal 
morphologic abnormalities that alter general body 
conformation, disrupt or interfere with bodily func- 


tions, or generally appeared to be incompatible with 
life were categorized as major malformations. Abnor- 
malities in anatomic structure that were considered to 
have no significant biological effect on animal health 
or body conformity and represented only slight devi- 
ations from normal were categorized as developmen- 
tal variants. Abnormalities that did not fall under the 
strict definition of major malformations but which 
were clearly not developmental variants were catego- 
rized as minor anomalies. 


Statistical Analysis 


The percentage of abnormal fetuses in each litter of 
each treatment group was computed and group 
means were compared with control group means by 
one-way analysis of variance (ANOVA). Student's ¢ 
test, corrected for multiple comparisons (Bonfferoni), 
was used as an a posteriori test when differences 
were found with ANOVA. P < 0.05 was considered 
statistically significant. 


Results 
Maternal Effects 


No rats treated with sufentanil died during the ex- 
periment. Four rats treated with alfentanil died, one 
on each of the first 4 days after pump implantation. 
Otherwise, no adverse effects were observed during 
the experiments. There were no differences in weight 
gain among any of the groups in either experiment 
(Table 1). 


Reproductive Effects 


There were no significant differences among the 
groups in pregnancy rate, total number of implanta- 
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Table 2. Maternal and Fetal Observations at Cesarean fection on Day 20 of Pregnancy* 
Alfentanil 
(mg/kg per 
S:fentanil (ug/kg per day) day) 
Group Control 10 50 100 Control 8 
No. of rats studied 39 30 30 29 20 20t 
No. of rats pregnant 34 25 22+ 26t 18 11 
Pregnancy rate (%) 87 83 73 90 90 69 
No. of implantations/rat 11.9 + 2.4 12.0 + 2.0 12.0 + 2.0 11.5 + 2.0 11.7 + 2.0 11.3 + 2.9 
No. of live fetuses/rat 11.6 + 2.4 11.8 + 1.9 11.4 1.8 10.7 + 2.4 11.2 + 2.0 9.8 + 4.2 
Percent fetal wastage/rat (%) 2.5 + 4.5 1.6 + 3.9 Dil) 6:70 FeLi’ 9:2 3.7 + 5.5 11.5 + 24.8 
Percent female/ret (%) 49.3 + 11.0 53.2 + 15.1 52.1 + 13.1 49.1 + 14.8 44.1 + 17.7 60.05 + 19.5 
Mean fetal weight (g) 4.5 + 0.2 4.6 + 0.2 4.7 + 0.3 4.7 + 0.3 4.6 + 0.5 4.3 + 0.3 
“Mean + sp. 
tTwo rats were pregnant but hac no live fetuses. 
Four rats died before day 20. 
§P < 0.05 vs control. 
Table 3. Summary of Fetal Examination 
Alfentanil 
(mg/kg per 
Sufentanil (y/kg/day) day) 
Group Control 10 50 100 Control 8 
No. of rats examined 34 25 20 24 18 11 
External examinations 
No. of fetuses examined 394 296 227 257 202 108 
Any abnormalities (%) 0.0 + 0.0 0.0 + 3.0 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 
Runt (%) 0.2 + 1.4 0.4 + 2.0 0.0 + 0.0 0.3 + 1.4 0.6 + 2.4 3.5 + 6.6 
Visceral examinations 
No. of fetuses examined 198 14& 112 130 100 53 
Major malformations (%) 0.0 + 0.0 0.0 + 3.0 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 
Minor anomalies (%) 7.9 + 13.5 2.2 + 5.0 5.0 + 7.8 3.9 + 7.9 5.2 + 8.9 3.1 + 6.6 
Skeletal examinations 
No. of fetuses examined 196 14€ 115 127 102 55 
Major malformations (%) 0.0 + 0.0 0.0 + 3.0 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0 
Minor anomalies (%) 0.0 + 0.0 1.1+3.9 0.0 + 0.0 0.0 + 0.0 0.9 + 4.0 0.0 + 0.0 
Developmental variants (%) 25.5 + 23.5 34.0 + 32.0 32.3 + 28.3 30.5 + 27.7 16.8 + 22.6 33.9 + 31.8 
Mean percentage abnormal fetuses per rat + sD 
tions and live fetuses, percent fetal wastage per liter, | Discussion 


or mean fetal weight (Table 2). There were more 
female offspring in the alfentanil group than in the 
control group, the difference achieving statistical 5g- 
nificance in part due to the lower than usual percent- 
age of male cffspring in the control group. 


Teratogenic Effects 


A total of 1174 offspring were delivered from the 107 
pregnant rats and all were examined for external 
abnormalities. Subsequently, 588 fetuses were exem- 
ined for visceral and 586 for skeletal abnormalités. 
The results of these examinations are shown in Tale 
3. There were no significant teratologic findings in 


any group. 


In the present study, we tested the reproductive and 
teratogenic effects of the narcotics, sufentanil and 
alfentanil, and found both agents to be benign. In this 
respect, our results are similar to those we obtained 
with the parent compound in this series, fentanyl 
(10). We found that fentanyl in doses up to 500 
ug-kg~*-day~*, delivered with osmotic minipumps 
for 2 weeks before breeding and during the entire 
period of pregnancy, was devoid of adverse repro- 
ductive effects. In another study, adding 500 
ug-kg'-day~* of fentanyl to 50% N,O did not in- 
crease the teratogenic effects of 50% NO alone (14). 
However, our results differ from those of studies of 
the older narcotics, morphine, meperidine and meth- 
adone, in which adverse reproductive effects gener- 
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ally were reported at high doses (15-19). In these 
other investigations, narcotics were given once or 
twice daily by various parenteral routes. From the 
doses and side effects reported in these other studies, 
and from our own studies (10), we surmise that the 
test animals experienced respiratory depression. 
Thus, it is difficult to compare our results with the 
new narcotics with those of past studies because the 
design of the older studies almost certainly was flawed. 

Apart from avoiding respiratory depression and 
the thoracic rigidity associated with administration of 
high doses of narcotics, there are other advantages to 
using osmotic pumps for reproduction and teratology 
studies. It is common in studies such as the present 
one to administer the test drug throughout the period 
of organogenesis, days 6-15 of gestation in the rat. 
For agents that cannot be administered orally or by 
inhalation, this necessitates daily injections. The han- 
dling and trauma associated with multiple injections 
can in themselves be confounding experimental fac- 
tors. Another problem with administration of bolus 
doses of narcotics is that, with a relatively short 
half-life, withdrawal may occur between doses. In 
fact, Lichtblau and Sparber (20) have suggested that 
in utero withdrawal from narcotics was more detri- 
mental to the rat fetus than was continued exposure. 
By using chronically implanted SC osmotic minipumps, 
constant plasma levels of test agent can be maintained 
from day 5, the day before implantation, until day 20, 
the day before parturition, when rats are killed. 

In terms of experimental design, the cost of using 
SC-implanted osmotic minipumps is small. Although 
general anesthesia is required to insert the pumps, 
the procedure is quick and relatively noninvasive. 
Also, Nau et al. (21) have reported that the total daily 
dose of a given agent (valproic acid) required to 
produce embryotoxicity was approximately ten times 
higher when it was delivered with SC-implanted 
osmotic pumps than by injection. Assuming the same 
ratio applies to narcotics, the amount of narcotic that 
can be delivered with osmotic minipumps without 
causing adverse maternal effects is still far in excess of 
the amount that can be safely delivered by injection, 
i.e., approximately 100:1 for fentanyl (10). 

In conclusion, sufentanil and alfentanil do not 
cause adverse reproductive or teratogenic effects in 
rats when administered throughout organogenesis 
with SC-implanted osmotic minipumps. From a me- 
thodologic point of view, osmotic minipumps facili- 
tate study of the reproductive and teratogenic effects 
of narcotics as they permit delivery of dosages that 
would not be tolerated by bolus injection or might 
otherwise confound experimental design. 
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Systolic Pressure Variation Is Greater during Hemorrhage than 
during Sodium Nitroprusside-Induced Hypotension in Ventilated 


Dogs 


Reuven Pizov, mp, Yosef Ya’ari, Mp, and Azriel Perel, MD 





PIZOV R, YA‘ARI Y, PEREL A. Systolic pressure variation 
is greater during hemorrhage than during sodium 
nitroprusside-induced hypotension in ventilated dogs. 
Anesth Analg 1988;67:170-4. 


The systolic pressure variation (SPV), which is the difer- 
ence between the maximal and minimal values of the 
systolic blood pressure (SBP) after one positive-pressure 
breath, was studied in ventilated dogs subjected to hpo- 
tension. Mean arterial pressure was decreased to 50 mm Hg 
for 30 minutes either by hemorrhage (HEM, n = 7) or by 
continuous infusion of sodium nitroprusside (SNP, n = 7). 
During HEM-induced hypotension the cardiac output was 
significantly lower and systemic vascular resistance higher 
compared with that in the SNP group. The systemic, 
central venous, pulmonary capillary wedge pressures, and 
heart rates, were similar in the two groups. Analysis of the 





respiratory changes in the arterial pressure waveform en- 
abled differentiation between the tivo groups. The SPV 
during hypotension was 15.7 + 6.7 mm Hg in the HEM 
group, compared with 9.1 + 2.0 mm Hg in the SNP group 
(P < 0.02). The Adown, which is the measure of decrease of 
SBP after a mechanical breath, was 20.3 + 8.4 and 10.1 + 
3.8 mm Hg in the HEM and SNP groups, respectively, 
during hypotension (P < 0.02), It is concluded that 
increases in the SPV and the Adown are characteristic of a 
hypotensive state due to a predominant decrease in preload. 
They are thus more important during absolute hypovolemia 
than during deliberate hypotension. 


Key Words: BLOOD PRESSURE—shock and 
induced hypotension. ANESTHETIC 
TECHNIQUES—induced hypotension. SHOCK— 
systolic blood pressure. 





A single positive-pressure breath normally affects the 
arterial waveform in a biphasic manner. The blood 
pressure increases during early inspiration and later 
decreases during late inspiration and early expiration 
(1). The difference between the maximal and minimal 
values of the systolic blood pressure (SBP) after one 
mechanical breath was termed by us the Systolic 
Pressure Variation (SPV) (2) (Fig. 1). The SPV can be 
further divided into two components, the Aup and 
the Adown, by using the systolic blood pressure after 
a short apnea (2) or during the preinspiratory period 
(3) as a reference value (Fig. 1). The Adown is the 
difference between the SBP during apnea (SBPapn) 
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and the lowest value of the SBP after a mechanical 
breath. Its magnitude reflects the amount of decrease 
in the venous return due to the increased intrathora- 
cic pressure (4). 

The Aup is the difference between the maximal 
value of the SBP and the SBPapn (Fig. 1). The Aup 
represents a transient increase in the left ventricular 
stroke output due to a combination of increased 
preload as blood is squeezed out of the lungs, de- 
creased afterload, direct pressure of the expanding 
lungs on the heart, and improved left ventricular 
compliance due to a transient decrease in the volume 
of the right heart (5-7). 

Recently we have quantified the SPV during 
graded hemorrhage in ventilated dogs and found it to 
be a more sensitive indicator of latent hypovolemia 
compared with other hemodynamic parameters (2). 
Thus the more hypovolemic the dogs became, the 
higher was their SPV, mainly because of an increase 
in the Adown component. The early diagnosis of 
such latent hypovolemia is of obvious importance 
because it ensures adequate fluid administration and 
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Figure 1. Airway and arterial pressures during mechanical venti- 
lation and apnea. The systolic blood pressure during apnea serves 
to divide the SPV into Aup and Adown components. 


prevents the development of a low flow state. This is 
especially true during intraoperative deliberate hypo- 
tension, a technique that uses vasodilators to de- 
crease systemic blood pressure electively. This tech- 
nique is used in operations in which considerable 
blood loss is anticipated or in which a blood-free 
surgical field is crucial. The technique of controlled 
hypotension aims to lower the blood pressure while 
maintaining normal cardiac output and organ perfu- 
sion. Although the mean blood pressure is lowered to 
about 50 mm Hg, considerable blood loss can still 
occur during the procedure. Intraoperative deliberate 
hypotension can thus result from the synergistic 
effects of vasodilatation and reduction of the absolute 
blood volume. As the SPV has been shown to be a 
useful indicator of hypovolemia, we have examined 
its ability to differentiate hypotension due to hemor- 
rhage from that induced by sodium nitroprusside. 


Materials and Methods 


Fourteen dogs weighing 15.2 + 3.8 kg (mean + sp) 
were anesthetized with intravenous pentobarbital 30 
mg/kg, their tracheas were intubated, and they were 
paralyzed by a continuous intravenous infusion of 
succinylcholine 0.01 mg/kg per min. The dogs’ lungs 
were ventilated by a constant volume ventilator 
(Harvard pump, Dover, MA.) with a tidal volume 
(Vr) of 12 ml/kg, at a rate of 14-16 breaths/min to keep 
their Paco, within normal values (40 + 5 mm Hg). 
Inspired gas included 30% oxygen, 69% room air, and 
1% halothane. Occasional metabolic acidosis was 
corrected with sodium bicarbonate to normalize arte- 
rial pH throughout the preparatory cannulation. 

A 16-g Teflon catheter was inserted into the fem- 
oral artery and a pulmonary arterial balloon-tipped 
catheter (7F, Instrumentation Laboratories, Lexing- 
ton, MA.) was floated through the external jugular 
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vein for the measurement of central venous (CVP) 
pulmonary artery and pulmonary capillary wedge 
(WP) pressures as well as cardiac output (CO). An 8F 
catheter with additional side holes was inserted into 
the pleural space through the fifth intercostal space at 
the right midaxillary line for measurement of pleural 
pressure. Airway pressure was measured through an 
opening in the endotracheal tube situated close to its 
tip. The airway and the pleural pressure lines were 
filled with normal saline and connected to Statham 
P23AA transducers. Systemic and pulmonary arterial 
catheters were connected to Gould Statham P23Db 
transducers. All pressure waveforms were recorded 
continuously on a four-channel Grass Polygraph 
(Grass Instruments, Quincy, MA.) 

Lung (CL) and chest-wall (Ccw) compliances were 
measured by slow inflation of 300 ml of air with a 
precalibrated syringe after which airway (Paw) and 
pleural (Ppl) pressures were measured during a 2- 
second inspiratory hold. The Ccw and CL were 
calculated as Vr/APpl and Vr/(APaw — APpl), respec- 
tively. Because the compliance of the chest wall 
relative to lung compliance in dogs is usually higher 
than that of humans (8), we inflated a vest situated 
around the dog’s chest so that the mean CL/Cew ratio 
was kept 1.01 + 0.23, which is the normal ratio for 
humans (9). The level of vest inflation was kept 
constant throughout the experiment. 

The SPV was measured from the paper chart as the 
difference between the maximal and the minimal SBP 
during one mechanical breath, and the mean value 
during five consecutive breaths was calculated, The 
Aup and Adown components of the SPV were mea- 
sured relative to the SBPapn (Fig. 1) and the %SPV 
was calculated as the ratio between SPV and SBPapn 
x 100. 

Cardiac output was measured by triplicate injec- 
tions of 5 ml iced-saline using the IL cardiac output 
computer (model 701, Lexington, MA.). All injections 
were done at the same time during early expiration. 
Systemic (SVR) and pulmonary (PVR) vascular resis- 
tances were calculated using standard formulas. 

In seven dogs (SNP group) the mean blood pres- 
sure was decreased to 50 mm Hg by a continuous 
infusion of SNP (17.4 + 4.2 wg/kg per min). Constant 
hypotension was maintained for 30 minutes, after 
which SNP was stopped. In the other seven dogs 
(HEM group), mean blood pressure was decreased 
over 30 minutes to 50 mm Hg by bleeding through 
the femoral artery catheter into a plastic bag contain- 
ing CPDA-1. After an additional 30 minutes of hypo- 
tension, the shed blood (689 + 227 ml) was retrans- 
fused. All variables were measured at baseline, after 
30 minutes of hypotension, and 15 minutes after 
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either the end of retransfusion or the cessation of 
SNP. 

The variables were compared at the end of the 
hypotensive period and at the end of the retransfu- 
sion period to baseline values within each group, 
using the Wilcoxon matched-pairs nonparametric 
test. Variables at baseline, hypotension, and retrans- 
fusion were compared between the groups using the 
Mann-Whitney nonparametric test. P < 0.05 was 
considered to be statistically significant. All data is 
presented as mean + sp. 


Results 


The baseline values of hemodynamic variables and 
C1i/Cew ratios were similar in both groups (Fig. 2). 
SNP-induced hypotension was associated with a sig- 
nificantly lower SVR and WP compared with base- 
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Figure 2. Hemodynamic parameters during baseline, 
BY AER ) 8 
hypotension, and recovery in the hemorrhage and the 
sodium nitroprusside groups. 


* p<.05or less between ”50" 
and "BL" 
* p<.05or less between groups. 


line, while CVP, heart rate (HR), PVR, and cardiac 
output remained unchanged. The SPV (8.4 + 2.6 and 
9.1 + 2.0 mm Hg during baseline and hypotension, 
respectively), Aup, and Adown remained unchanged 
as well, but the %SPV increased from 7.1 + 2.2 to 12.5 
+ 2.2% (P < .001) during SNP infusion. 

During hemorrhage-induced hypotension, the 
CO, CVP, and WP decreased significantly (Fig. 2), 
while PVR (P < 0.001) and SVR (P < 0.078) increased. 
The mean SPV increased after hemorrhage from 12.6 
t 3.7 to 15.7 + 6.7 mm Hg. This difference was not 
statistically significant as the SPV increased in only 
six dogs of the HEM group. In the seventh dog, the 
maximal SBP never reached the level of the apneic 
SBP during hemorrhage (Fig. 3). Thus, although the 
blood pressure seemed to be even more depressed by 
positive pressure ventilation in that dog, the negative 
Aup-value did artificially decrease the SPV. The 
%SPV and the Adown of the HEM group increased 
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Figure 3. The arterial waveform of one dog of the HEM group 
showing continuous depression of the arterial pressure during 
mechanical ventilation with partial recovery during apnea. Note 
uncharacteristically negative Aup. 
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Figure 4. Two characteristic arterial waveforms during hypoten- 
sion: (a) SNP; (b) HEM; Note increased respiratory changes of the 
systolic blood pressure, i.e., increased SPV during HEM. 


significantly during hemorrhage while the Aup was 
variable and changed from 0.4 + 3.2 during baseline 
to —4.6 + 7.5 mm Hg during hemorrhage. During 
hemorrhage the hematocrit decreased from 36.3 + 5.4 
to 32.3 + 5.3% 

Although the mean blood pressure, HR, CVP, and 
WP were the same in both groups during hypoten- 
sion, the HEM group had a significantly lower cardiac 
output, significantly higher SVR, PVR, Adown, and 
%SPV as compared with the SNP group (Fig. 2). The 
SPV itself was also significantly higher during hypo- 
tension in the HEM group (15.7 + 6.7 mm Hg) 
compared with that of the SNP group (9.1 + 2.0 mm 
Hg, P < 0.02). Two examples of characteristic arterial 
pressure waveforms are shown in Fig. 4. After re- 
transfusion or cessation of SNP, all variables returned 
close to their baseline values and showed no differ- 
ence between the two groups (Fig. 2). 


Discussion 


The hemorrhage-induced hypotensive state is char- 
acterized by low cardiac output and high systemic 
vascular resistance (10). During hypotension induced 
by SNP, the cardiac output usually remains normal 
while the systemic vascular resistance is low (11512); 
Although these two hypotensive states are different 
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from each other, this difference cannot be identified 
by commonly measured hemodynamic variables. The 
blood pressure, heart rate, CVP, and even the WP, 
were similar during hypotension in both the HEM 
and the SNP groups. However, analysis of the respi- 
ratory variations in the systolic blood pressure did 
show differences between the two groups. 

The hypotension that occurs during SNP adminis- 
tration is produced by a reduction of both preload 
and afterload, as the effective blood volume decreases 
and the vascular bed dilates at the same time. Com- 
pared with the same degree of hypotension during 
hemorrhage, the preload during SNP is reduced to a 
lesser extent, which is the reason why the Adown 
was different between the two groups. The Adown 
component of the SPV reflects the decrease in left 
ventricular preload after a mechanical breath. It has 
been shown by us to reveal occult hypovolemia in the 
presence of normal values of MBP, HR, CVP and WP, 
and to correlate best with the CO during moderate 
hemorrhage. It is therefore obvious that it should be 
more pronounced in situations in which hypotension 
is due to compromised preload alone. Because the 
Adown is the main component of the SPV during 
hemorrhage, the SPV itself was also higher during 
hemorrhage. However, the SPV may not have re- 
flected fully the decreased preload because, at times, 
the systolic blood pressure during positive-pressure 
ventilation never reached the value of the systolic 
pressure during apnea. This may happen when the 
venous return is extremely compromised, when the 
respiratory rate is very high so that the cardiac output 
does not recover before the next breath, or in the 
presence of airtrapping. An example of a relatively 
low SPV due to a negative Aup was demonstrated in 
one of the dogs of the HEM group (Fig. 3). Thus, 
further division of SPV into Aup and Adown compo- 
nents by the introduction of a short apnea is useful. 
Using the preinspiratory systolic pressure as a refer- 
ence point (3) may be misleading because one cannot 
be sure that the left ventricular output has recovered 
by that time. 

The “SPV may be a better index than the SPV 
because it relates the SPV to the absolute level of the 
systolic blood pressure during apnea. Thus an SPV of 
20 mm Hg in the presence of a systolic blood pressure 
of 80 mm Hg during apnea (%SPV equals 25%) is 
more important than an SPV of 20 mm Hg associated 
with a systolic blood pressure of 160 mm Hg during 
apnea (%SPV of 12.5%). 

A high SPV can also occur for reasons other than 
an absolute reduction in venous return. High tidal 
volume (13), decreased chest wall compliance, in- 
creased lung compliance, and arrhythmias (14) may 
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all produce high SPV due to an increased Adown. 
The SPV can also be increased by an increase in the 
Aup during congestive heart failure associated with 
phasic increases of intrathoracic pressure (15). 

Analysis of the respiratory-induced changes in the 
arterial waveform can be helpful in gaining insight 
into the hemodynamic status. This is especially true 
in situations in which hypovolemia cannot be diag- 
nosed otherwise. The CVP and WP are measure- 
ments of pressure rather than volume and hence 
change little during further decreases of an already 
low preload because of the high ventricular compli- 
ance at these volumes (16). Thus, although CVP 
decreased significantly in the HEM group during 
hypotension, the absolute decrease was very small. 
Making therapeutic decisions on the basis of reduc- 
tions of CVP or WP in the order of 2 mm Hg is 
impractical in clinic practice. Following the heart rate 
as a sign of tachycardia is quite nonspecific. In eur 
model the dogs had a baseline tachycardia that is 
characteristic of this species during anesthesia. The 
decrease in the preload was reflected to a much 
greater extent by the Adown, which could differen- 
tiate between SNP- and hemorrhage-induced hypo- 
tension. 

The respiratory variations in the arterial waveform 
may be different in dogs from humans, even though 
our dogs had a modified CL/Cew ratio. However, we 
have recently completed a clinical study in which the 
SPV and its components were similar in patients 
during deliberate hypotension to those in our present 
experimental model, except that the Aup component 
in humans is more pronounced than in dogs. (Pizov 
R, Segal E, Perel A, unpublished data.) 

Because we have not included a group of animals 
in which we combined SNP infusion and hemor- 
rhage, we cannot conclude that any increase in the 
Adown during the maintenance of the hypotensive 
state should be regarded as significant absolute hy- 
povolemia. However, our previous experimental 
work (2), the present study, and our clinical data, 
lead us to believe in the consistency and validity and 
sensitivity of the SPV and its components as hemody- 
namic variables that may be useful in detecting occult 
hypovolemia. 
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Twenty-one hundred eighty two consecutive lumbar epi- 
dural injections were studied to determine the incidence of 
inadvertent subdural block retrospectively. A subdural 
block is defined as an extensive neural block in the absence 
of subarachnoid puncture, that is out of proportion to the 
amount of local anesthetic injected. Subdural injection is a 


complication of epidural block that probably occurs more 
frequently than previously recognized. An earlier report has 
estimated the incidence of subdural block te be 0.1%. This 
study, however, reports an incidence of 0.82% from a 
sample size of 2182 patients. Cadaveric dissection was also 
performed, further clarifying the presence and anatomic 
position of the subdural space. 


Key Words: ANESTHETIC TECHNIQUES— 
epidural. 
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It is generally accepted that the subdural space exists 
in the cerebral meninges. The potential extension of 
this subdural space, however, down into the spinal 
segment of the meninges has not been well appreci- 
ated. This subdural space can have clinical signifi- 
cance when local anesthetics are inadvertently depos- 
ited there, causing unexpected sensory, sympathetic, 
and motor blocks, 

Clinically the extraarachnoid space has been dem- 
onstrated during myelograms with an incidence re- 
ported between 1 and 13% (1-3). This extraarachnoid 
subdural space lies between the dura and arachnoid 
membranes. It contains a small amount of serous 
fluid to moisten the surfaces of the opposing mem- 
branes. While not communicating with the subarach- 
noid space, the extra-arachnoid subdural space does 
continue for a short distance along the cranial and 
spinal nerves (4). It is larger in the cervical than in 
lumbar region, and is widest in its lateral and dorsal 
aspects (5). Here, there is free communication with 
the lymphatic vessels of the spinal nerves. Moreover, 
there are isolated connective-tissue trabeculae, espe- 
cially on the posterior aspect, which contact the 
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inside surface of the dura and the outside surface of 
the arachnoid. 

Accidental subdural injections were first described 
by de Saram (6) and Dawkins (7), but no large series 
have examined its occurrence. There has been several 
case reports of accidental subdural catheterizations 
that have been radiographically confirmed (8-10). 
Dawkins’ description of a “massive epidural” fits the 
clinical presentation of an inadvertent subdural injec- 
tion. He describes an unexpected widespread nerve 
block occurring after a negative aspiration test asso- 
ciated with symptoms such as pupillary dilation, 
consistent with a high sympathetic block. In addition, 
the patients experienced a 20-minute delay in the 
onset of symptoms. This is in contrast to an acciden- 
tal subarachnoid injection in which symptoms char- 
acteristically develop in 1-2 minutes. The purpose of 
this study is to retrospectively evaluate a large series 
of epidural injections to determine the incidence of 
inadvertent subdural block. 


Methods 


During the 30-month study period (March 1984- 
September 1986), 2182 lumbar epidural steroid injec- 
tions were performed at the Pain Center for various 
forms of low back pathology. During this period any 
patient who exhibited any untoward or unpleasant 
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side effects from the injection (e.g., headache, hypo- 
tension, nausea, motor or extensive sensory block) 
was identified for follow-up. The patients ranged in 
age from 17 to 86 years and each received a single 
epidural injection via a lumbar interspace, between 
L1 and L5. The blocks were performed by an attend- 
ing anesthesiologist or a supervised resident using 
bupivacaine, 4-6 cc of 0.25% or 6-8 cc of 0.125%, in 
combination with methylprednisolone acetate 80-120 
mg (Depo Medrol, Upjohn Company, Kalamazoo, 
Michigan). The epidural space was identified by the 
loss-of-resistance technique. After a careful negative 
aspiration test, injections were performed with dis- 
posable 17- or 18-gauge Touhy point needles. Aspi- 
ration was routinely done before, during, and after 
each injection. After the injections, the patients were 
observed for approximately 1 hour before discharge 
from the center. 

Records were evaluated in the following manmer 
for the presence or absence of clinical findings con- 
sistent with subdural injection. In any patient exhib- 
iting a complication as mentioned above, a detailed 
description of the complication and clinical findings 
was obtained and recorded in the patient's chart at 
the time of occurrence. Clinical findings were classi- 
fied into two levels of criteria, major and minor. 
Findings considered major criteria were: 1) a negative 
aspiration test, or 2) an unexpected widespread sen- 
sory block after epidural injection. The three minor 
criteria were: 1) a delayed onset of 10 minutes or more 
of a sensory or motor nerve block, 2) a variable motor 
blockade occurring, despite use of low doses of 
bupivacaine, or 3) sympatholysis out of proportion to 
the administered dose of local anesthetic. A positive 
subdural injection was judged to have occurred in 
both of the major criteria and at least one minor 
criteria were present. With the criterion of negative 
aspiration test we excluded any patient who had a 
wet tap before the apparent successful epidural injec- 
tion. All of these records of morbid events were then 
retrospectively evaluated by one reviewer (TL) to 
determine if criteria for a subdural block were 
present. From 38 potential subdural injections, 18 
were judged by an additional investigator (ADI) as 
having met the criteria for a subdural injection. 


Results 


Eighteen patients met the criteria for a subdural 
block, establishing an incidence of 0.82%. One pa- 
tient exhibited all three minor criteria, while an 
additional seven patients displayed two of the minor 
criteria (Table 1). 
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All 18 patients developed sensory levels much 
higher than would be expected from the amount of 
local anesthetic administered. One patient had a 
sensory level of C4 after injection of 6 cc of 0.25% 
bupivacaine. In none of the 18 patients was CSF 
aspirated. Ten of the 18 patients developed motor 
block. Delayed onset times of greater than 10 minutes 
were noted in 11 patients (61%) with the longest time 
to onset of symptoms being 30 minutes. Hypoten- 
sion, defined as a drop in systolic pressure of at least 
30% from baseline, occurred in 11 patients. Eight of 
the 11 patients had moderate to severe hypotension 
with a drop in pressure greater than 40% of the 
baseline. Six of these patients had severe decreases in 
blood pressures. In all cases, hypotension responded 
to fluids or ephedrine (5-15 mg). 

Five of the 18 patients (28%) had had previous 
back surgery. These five patients represent a higher 
percentage of patients than what is seen in our 
overall patient population (12%). Six of the 18 re- 
ceived 0.25% bupivacaine, while 12 received 0.125% 
bupivacaine. 

Further studies were also performed on cadavers 
to provide additional information on the subdural 
space. The existence of the subdural space was con- 
firmed by cadaveric dissection. A lumbar laminec- 
tomy was performed and the spinal cord and me- 
ninges were exposed from the S1 to the L1 levels. 
Dissected dura mater was found to have two layers: 
an outer, thicker, opaque layer and an inner, more 
translucent layer. Deep to these layers there existed a 
potential space easily identified after reflecting the 
dura mater. The arachnoid mater was noted to be a 
translucent membrane separating the subdural space 
from the subarachnoid space. Deep to the arachnoid 
mater the spinal nerves and subarachnoid space were 
identified. Our depiction of the anatomy is similar to 
the description made 23 years ago by Sechzer (11). 


Discussion 

Epidural nerve blocks occasionally exhibit an atypical 
pattern of spread. This may be caused by relative 
overdose or accidental injection into the subdural or 
subarachnoid spaces. Several investigators have 
demonstrated radiological confirmation of catheters 
present in the subdural space, especially in cases of 
“massive epidurals” (8,12). A recent report describes 
the ease of intentional subdural puncture and further 
suggests that accidental subdural puncture may occur 
in attempted epidural block even in experienced 
hands (13). Consequently, it appears that accidental 
subdural injection probably occurs more frequently 
than previously recognized. 
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Table 1. Summary of Patient Data 








Bupivacaine Onset Previous Major Minor 
Patient concentration Aspiration Level Sensory Motor Degree of time Recovery back criteria criteria 
no. (%) Vol. test injected level block hypotension (min) time (hr) surgery met met 
1 0.25 6 Neg T12-L1 T4 Dense, LE 40% 10 3.5 Yes, fusion 2 2 
bilateral L4-5, 5-S1 

2 0.25 4 Neg L4-5 L2 Dense, LE None 10 4.0 No 2 1 
bilateral 

3 0.25 6 Neg L34 T4 Moderate, 50% 10 3.0 No 2 2 
LE bilateral 

4 0,125 8 Neg L3-4 T2 Moderate, 50% 20 6.0 No 2 3 
LE bilateral 

5 0.125 8 Neg L3—=4 TIO — None None 5 3.0 No 2 1 

6 0.125 8 Neg L34 T12 Mild LE None 5 2.0 No 2 1 
bilateral 

7 0.125 8 Neg L34 T6 Dense, LE None 5 3.0 No 2 
bilateral 

8 0.125 8 Neg L34 T12 None 30% 30 2.0 No 2 2 

9 0.125 8 Neg L4-5 T8 None 50% 30 2.0 Yes, LAM 2 2 

X2 

10 0.125 8 Neg L2-3 T10 Mild, LE None 10 4.0 Yes, LAM 2 1 
bilateral 

11 0.125 8 Neg L34 LIO — None None 10 2.0 Yes, LAM 2 l 

12 0.25 6 Neg L34 T10 None 30% 5 1.5 No 2 1 

13 0.125 8 Neg L1-2 To None 40% 20 3.0 Yes, LAM 2 2 

14 0.125 8 Neg L4-5 TIO Dense, Le None 5 3.0 No 2 1 
bilateral 

15 0.125 8 Neg L2-3 T4 Moderate, 50% 5 3.0 No 2 2 
LE bilateral 

16 0.125 8 Neg L34 T9 Dense, LE None 5 2.0 No 2 1 
bilateral 

17 0.25 6 Neg L45 C4 None 50% 10 3.0 No 2 1 

18 0.25 6 Neg L34 T2 None 50% 15 35 No 2 2 





LAM, laminectomy; LE, lower extremity 


Intentional neurolytic subdural puncture has been 
previously described (14). This technique involves 
identification of the epidural space using the loss-of- 
resistance technique. The needle is then rotated 
through an arc of 180° with applied gentle pressure. 
In order to avoid accidental subdural puncture, the 
authors believe that a properly placed epidural nee- 
dle should never be rotated to point the bevel in a 
superior or inferior position. If one rotates the needle 
to produce an intentional subdural puncture, this 
same practice, if repeated for an epidural block, may 
produce an accidental subdural puncture. 

The three most common features noted in this 
study were: 1) an unexpectedly high sensory block, 2) 
exaggerated hypotension, and 3) unexpected motor 
block. An interesting characteristic of subdural blocks 
in the study is the variability in onset time. The 
fastest onset time was between 5 and 10 minutes, 
while other patients did not notice symptoms or 
exhibit signs until 30 minutes after injection. These 
findings do not differ significantly from other studies. 
Case reports have documented the onset of symp- 
toms to be as long as 30 minutes. Other descriptions 


of accidental subdural injections have reported onsets 
to be as short as 7 minutes (15). We believe that 
subdural blocks do exhibit a variability in onset time. 
This is dependent, perhaps, upon the relative 
amount of local anesthetic deposited in the subdural 
space, and may also be responsible for the wide- 
spread sensory block and exaggerated hypotension. 
Another explanation for the unexpected high sensory 
and sympathetic blocks may be that previous back 
surgery produced scarring and cicatrization, thereby 
partly obliterating the epidural space in the lower 
lumbar area. This partial obliteration of the epidural 
space may cause marked cephalad spread. There are, 
however, many exceptions to this hypothesis. Only 5 
of the 19 patients had had previous back surgery. The 
patients who had the most dramatic symptoms (pa- 
tients 3, 4, and 17) had had no back surgery. Three of 
the six patients who had previous back surgery 
(Patients 10, 11, and 13) were among those who 
exhibited the mildest symptoms. The presence of 
previous back surgery with deformity of the epidural 
space does not explain all of the observed events. 
However, it appears that patients who have had back 
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b. epidural 
c. subdural 
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surgery are more prone to accidental subdural injec- 
tion. This is likely because the anatomy may be 
altered secondary to scarring and retraction, produc- 
ing a thin epidural and wide subdural space. 
Epidural blocks seem more likely to produce acci- 
dental subdural injection than do spinal blocks. This 
may be due to differences in technique and the type 
of needle used. Epidural injections use a large, blunt- 
tipped, long-bevel needle that is introduced very 
slowly, sometimes a millimeter at a time. In contrast, 
for a subarachnoid puncture, a thinner, sharper nee- 
dle is introduced, usually at a much faster rate. I! is 
more likely that the blunt needle tip will pierce the 
dura without piercing the arachnoid. The large open- 
ing of the epidural needle may straddle the subdural 
and epidural, allowing part of the local anesthetic to be 
injected into the subdural space while some of it could 
be deposited in the epidural space (Fig. 1). This 
partitioning of anesthetic may explain the difference in 
degree of symptoms. Patients experiencing profound 
sensory and motor block obviously would have had 
more anesthetic deposited in the subdural space. 
Another explanation regarding the difference in 
symptomatology may relate in part to the anatomic 
distribution of sensory, sympathetic, and motor 
nerve fibers. The anterior nerve roots carry motor and 
sympathetic nerve fibers, while sensory fibers are 
within posterior nerve roots. Because the subdural 
space has more potential capacity posteriorly and 
laterally, one should expect a sensory block. Mean- 
while, a motor or sympathetic block would be present 
only if local anesthetic traveled anteriorly within this 
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Figure 1. This illustration depicts rel- 
ative position of intrathecal, epidural, 
and subdural needle placement. Note 
that if the needle is in the subdural 
space, with the dura straddling the 
bevel, some of the local anesthetic 
may be deposited in the subdural 
space while some will be placed in the 
epidural space, 


subdural space (Fig. 2). Therefore, positioning of the 
patient after the block would influence the type of 
block to a large extent. Moreover, a motor and 
sympathetic block would occur more readily if a 
patient were in the lateral position, whereas sensory 
block would predominate if the patient were supine 
after the injection. 

The absence of significant hypotension, in con- 
junction with a profound motor block as demon- 
strated by some of our patients, may reflect hydration 
status more than anything else. The hypotension 
seen in our patients was dramatic in certain cases, but 
was easily treated in all cases with relatively small 
amounts of fluid (250-500 cc) and small doses of 
ephedrine. Only one patient required 15 mg ephed- 
rine. All others with hypotension responded to 5 or 
10 mg ephedrine. Hypotension, which is easily 
treated, has been a feature of all previously confirmed 
subdural injections (16). This contrasts accidental 
subarachnoid injection where hypotension is charac- 
teristically more profound and difficult to correct. 

The cadaveric dissection was performed to further 
exemplify the presence and anatomic proportion of 
the subdural space. It is well accepted that the sub- 
dural space exists in the cerebral meninges, and that 
certain clinical entities are seen when pathology is 
present in the subdural space (e.g., subdural hema- 
toma). However, the extension of the subdural space 
down into the spinal segment of the meninges has 
been previously regarded by some authors as having 
questionable clinical significance (4). Our dissection 
supports the presence of the subdural space within 
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Figure 2. This illustration shows the 
anatomic relationship of dura and 
arachnoid. The subdural space exists 
as a potential space encircling the 
arachnoid membrane and contained 
within the dura. 


the spinal cord segment of the meninges. A previous 
study on autopsy subjects has also portrayed the 
subdural space as a readily identifiable potential 
space. In our dissection, the potential subdural space 
and its relationship to the dura and arachnoid mem- 
branes was found to be similar to its portrayal by 
other authors (4,11,13). As depicted in Figure 1, a 
needle may pierce the dura but not the arachnoid and 
be contained within the subdural space. Local anes- 
thetics, if deposited here, can travel cephalad and 
caudad in this narrow potential space, producing the 
unexpected extensive sensory, sympathetic, and mo- 
tor blocks encountered in this series of therapeutic 
epidural drug depositions. 

In conclusion, after subdural deposition of a local 
anesthetic, the development of an extensive sensory 
and motor block, with or without hypotension, may 
occur up to 30 minutes after the injection. The differ- 
ential diagnosis of a possible subdural injection 
should be entertained as readily as one would sus- 
pect a subarachnoid injection. A subdural block 
should be considered when there has been extensive 
sensory or motor blockade after a negative CSF 
aspiration test when small volumes and dilute con- 
centrations of local anesthetics are utilized. We rec- 
ommend that outpatients receiving epidural injec- 
tions of any amount of local anesthetics be observed 
for at least 1 hour before discharge because of poten- 
tial for a subdural injection. 
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Oral Atropine Premedication in Infants Attenuates Cardiovascular 
Depression during Halothane Anesthesia 
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MILLER BR, FRIESEN RH. Oral atropine premedication in 
infants attenuates cardiovascular depression during 
halothane anesthesia. Anesth Analg 1988;67:180-5. 


The efficacy of oral atropine premedication in attenuation of 
the cardiovascular depression associated with halothane 
anesthesia has not been previously evaluated. A solution 
containing either oral atropine 0.04 mg/kg (HI), 0.02 
mg/kg (LO), or a placebo (NO) was randomly administered 
to 36 infants 1-6 months old and 36 infants 7-15 months 
old 30-90 minutes before induction of anesthesia. The onset 
of action of atropine was approximately 25 minutes after 
administration as determined by a 15% increase in heart 
rate (HR) above baseline levels. Heart rate, systolic blood 
pressure (SBP), and mean arterial blood pressure (MAP) 
were then measured at i-minute intervals starting just 


before induction of anesthesia and continuing until onset of 
surgical stimulation during anesthesia with halothane (up 
to 3%), nitrous oxide (60%), and oxygen (40%), In infants 
1-6 months old, either dosage of oral atropine preserved HR 
and SBP as compared with placebo. In infants 7-15 months 
old, either dosage preserved HR but not SBP. The severity 
of hypotenswn was greatest in infants 1-6 months of age 
given placebos. No significant differences existed between 
oral atropine 0.04 mg/kg or 0.02 mg/kg in either age range. 
It is concluded that premedication with oral atropine 0.02 
mg/kg is effective in attenuating the cardiovascular depres- 
sion associated with halothane anesthesia in infants. 


Key Words: PARASYMPATHETIC NERVOUS 
SYSTEM—atropine. PREMEDICATION—atropine. 





Inhalation of halothane, nitrous oxide, and oxygen is 
the most common method of inducing general anes- 
thesia in pediatric patients (1,2). Halothane directly 
depresses myocardial function in a dose-related fash- 
ion in infants as demonstrated by echocardiographic 
and pulse Doppler cardiac output studies (3-5). Pre- 
medication with IM atropine in patients 1-6 months 
of age can attenuate the cardiovascular depression 
associated with halothane (6). However, intramuscu- 
lar administration results in patient discomfort and 
parental anxiety, with the risk of hematoma or sterile 
abscess formation and nerve damage. 

Oral atropine has frequently been used in combi- 
nation with other premedicants and is an effective 
antisialogogue (7-9), but its efficacy in attenuating 
cardiovascular depression in infants anesthetized 
with halothane has not been evaluated. The purpose 
of this prospective, blinded, randomized study was 
to evaluate the efficacy of oral atropine premedication 
in infants of various ages. 
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Methods 


The study was approved by the Institutional Review 
Board at our institution and informed parental con- 
sent was obtained for each infant. Seventy-two in- 
fants scheduled for elective surgical procedures were 
studied. All were between 1-15 months of age, >44 
weeks conceptual age, ASA I or II, without known 
cardiac or pulmonary disease, and had been fasting 
for a minimum of 4 hours. Premature infants and 
full-term neonates were excluded from this study 
because of the known immaturity of the mammalian 
fetal and neonatal cardiovascular systems (10) and 
the decreased minimum alveolar concentration re- 
quirements for halothane and isoflurane (11,12). The 
patients were separated into two age groups, 1-6 
months and 7-15 months, with 36 patients in each 
age group. Using a table of random numbers, they 
were then placed into three premedication groups: 12 
patients in each age group received oral atropine 0.04 
mg/kg (HI); 12 patients in each age group received 
oral atropine 0.02 mg/kg (LO); and 12 patients in each 
age group received a placebo (NO). No other medi- 
cations were administered. 

The oral atropine premedication was prepared by 
the pharmacy using atropine in a concentration of 0.4 
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mg/ml contained in a 20-ml vial (a total of 8.0 mg of 
atropine) mixed with 80 ml of simple syrup, to yield 
a final volume of 100 ml and concentration of 0.08 
mg/ml. The HI group received 0.5 ml/kg (0.04 mg/kg) 
and the LO group received 0.25 ml/kg (0.02 mg/kg), 
with the NO group receiving only the simple syrup in 
a volume of 0.25 ml/kg. The medication, refrigerated 
and arbitrarily given a 4-week expiration date from 
the time of preparation, was replaced three times 
during the study. Medication was administered 30-90 
minutes before induction of anesthesia by one of us 
(BRM), and the anesthesia care team was unaware of 
the type of solution the patients received. 

Before administering the premedication, a baseline 
measurement of heart rate (HR), systolic blood pres- 
sure (SBP), and mean arterial pressure (MAP) was 
attempted using a Dinamap 847 monitor and 950 
recorder (Critikon, Tampa, FL). If the infant would 
not tolerate the procedure, baseline measurements 
were not obtained. In the group that tolerated the 
blood pressure cuff, serial measurements of HR, SBP, 
and MAP were made and recorded at 5-minute 
intervals from premedication until transport to the 
operating room. Measurements during this time were 
used to determine the onset of action of oral atropine. 
This was defined as the time from premedication 
until the development of a sustained HR >15% above 
baseline levels. 

In the operating room noninvasive monitors were 
applied and preinduction levels of HR, SBP, and 
MAP were measured using the same Dinamap mon- 
itor and recorder. Further measurements were made 
at 1-minute intervals starting immediately before in- 
duction of anesthesia and continuing until onset of 
surgical stimulation (i.e. incision, injection of local 
anesthetic, or examination). Anesthesia was induced 
using halothane in increasing inspired concentrations 
up to 3% in a mixture of 60% N,O and 40% O, ata 
flow rate of 5 L/min using a semiclosed circle system 
with assisted ventilation. Immediately after induc- 
tion, an intravenous catheter was inserted and 6-20 
ml/kg of a solution of dextrose 5% in lactated Ringer's 
was infused before surgical stimulation. Tracheal 
intubation was performed under deep halothane 
(3%) anesthesia defined as a decrease in respiratory 
effort, pupils in the midline and constricted, and an 
absence of abdominal muscular tone. After intuba- 
tion, the inspired halothane concentration was de- 
creased to 1.25% and maintained until surgical stim- 
ulation, at which time data collection ceased. 

Intravenous atropine was administered any time 
between induction and surgical stimulation if the HR 
was <100 beats/min or the percentage decrease in 
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SBP was >50% (SBPA > 50%) below preinduction 
values. If intravenous atropine was administered, 
data collection ceased except for determining the time 
from induction to surgical stimulation. 

In each premedication group the following were 
recorded: age, weight, duration of fasting, time be- 
tween administration of medication until induction of 
anesthesia, baseline and preinduction measurements 
of HR, SBP, and MAP, volume of IV fluids infused 
before surgical stimulation, lowest values of HR, SBP, 
and MAP measured during the time between induc- 
tion of anesthesia and surgical stimulation, duration 
of time between induction of anesthesia and surgical 
stimulation, and the incidence of significant brady- 
cardia and hypotension requiring administration of 
IV atropine. Side effects of oral atropine, such as 
flushing and increased irritability were recorded pre- 
and postoperatively. Problems arising from frequent 
blood pressure measurements were also recorded. 
The antisialogogue effect of the oral atropine dosages 
was graded by the laryngoscopist based on whether 
the upper airway was either dry, moist, or wet using 
a numerical rating score of 2, 1, or 0, respectively. 

The data were analyzed by analysis of variance 
(ANOVA) in the three premedication groups. Inter- 
group comparisons were made using the Scheffe 
F-Test. The NO groups in the two age ranges were 
compared with each other using a two-tailed un- 
paired Student's t-test to evaluate the effects of halo- 
thane anesthesia on SBP. Chi-square analysis was 
used to compare the incidence of HR < 100 beats/min 
and SBPA > 50% in the oral atropine groups (HI and 
LO) versus placebo. Statistical significance was as- 
sumed when P < 0.05. 


Results 


There were no significant differences between the HI, 
LO, or NO groups in age, weight, duration of fasting, 
IV fluids infused, time between administration of the 
premedication and induction of anesthesia, and time 
between induction and surgical stimulation (Tables 1 
and 2). Some baseline HR, SBP, and MAP measure- 
ments were difficult to obtain because of patient 
movement and crying. Baseline measurements were, 
however, obtained in 21 of 36 patients aged 1-6 
months and in 18 of 36 patients aged 7-15 months. 
There were no significant differences among the 
groups in baseline HR, SBP, or MAP values in either 
age range (Tables 1 and 2). 

Only 28 infants tolerated serial preoperative mea- 
surements well enough to allow determination of 
time of onset of action of atropine. Onset of action 
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Table 1. Patient Characteristics in the 1-6 Month Age Range 
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HI (0.04 
mg/kg) 
Age (mo) 35 = 18 
Weight (kg) S92 15 
NPO (hr) 6.4 + 2.2 
IV Fluids (ml/kg) 12.2 + 4.5 
Baseline HR (beats/min)* 164.2 + 35.3 
Baseline SBP (mm Hg)* 103.0 + 3.6 
Baseline MAP (mm Hg)* 84.0 + 11.6 
Time (min) from 
Premedication-induction 53.6 + 17.3 
Induction-incision 17.8 = 5:1 


LO (0.02 NO 

mg/kg) (placebo) Pt 

3.0 + 1.5 3.7+ 1.8 >0.5 

5:6: + 1.3 6:2. + 1.3 >0.6 
6.1 + 2.7 7.2 + 3.0 >0.6 
11.0 + 2.3 12.8: 3.2 >0.4 
149.1 + 17.3 161.4 > 22.3 >0.4 
95.9 + 18.8 97.6 = 22.5 >0.7 
79.3: + 18.2 72.4 = 28.3 >0.6 
61.0 + 16.0 51.0 = 23.6 >0.4 
18.8. + 3.2 15:6 > 5.1 >0.3 





Values are expressed as mean = sp; n = 12 in each group. 


Abbreviations: NPO, nil per os, HR, heart rate; SBP, systolic blood pressure; MAP, mean arterial pressure 


*HI group, n = 6; LO group, n = 10; NO group, n = 5 
tAnalysis of Variance 


-~ 


Table 2. Patient Characteristics in the 


7-15 Month Age Range 








HI (0.04 LO (0.02 NO 
mg/kg) mg/kg) (placebo) Pt 
Age (mo) 10.5 + 2.1 10.1 + 2.4 BU LS >0.25 
Weight (kg) 8.9 + 1.2 8.9 + 1.0 8.5 + 1.1 >0.6 
NPO (hr) 9.6 + 3.1 25 = 2:9 9.1 > 3.6 0.9 
IV Fluids (ml/kg) 10.3 + 1.1 9.6 + 1.3 10.8 + 2.9 -0.29 
Baseline HR (beats/min)* 133:5: 13:7 134.0 + 14.2 131.5 + 21.4 >0.97 
Baseline SBP (mm Hg) 107.4 + 13.4 101.3 + 8.7 90.8 + 7.9 >0.08 
Baseline MAP (mm Hg)* 83.8 + 6.8 84.7 + 11.3 73.5 = 7.0 0.12 
Time (min) from 
Premedication—induction 60.3 + 17.1 48.9 + 12.9 51.3 + 16.3 0,19 
Induction-incision 17:3 5: 17.3 + 9.0 15.3 + 2.5 »0.67 





Values are expressed as mean + sp; n = 12 in each group. 
Abbreviations as in Table 1 

*HI group, n = 8; LO group, n = 6; NO group, n = 4. 
tAnalysis of Variance 


was 24.6 + 9.8 minutes (range 13-39) in the HI group 
and 21.3 + 5.5 minutes (range 14-26) in the LO 
group. There was no sustained increase in HR in the 
NO group. 

In patients 1-6 months of age, both HI and LO 
doses of oral atropine significantly attenuated the 
depression of HR, SBP, and MAP during halothane 
anesthesia (Table 3). In patients 7-15 months of age, 
oral atropine significantly attenuated depression of 
HR, but did not alter depression of SBP and MAP 
when compared with placebo (Table 4). There were 
no significant differences between the HI and LO 
groups regarding preservation of HR, SBP, and MAP 
in either age range. The time from induction to lowest 
levels of HR and SBP was significantly greater in 
patients 1-6 months of age who were premedicated 
with oral atropine. This time was not affected by 
atropine in patients 7-15 months of age. 

In the placebo groups, the decrease in SBP in 
1-6-month-old patients was significantly greater than 


in the 7-15-month-old patients, as was the percent- 
age decrease in SBP, although preinduction SBP was 
not significantly different in the two age ranges. 

Significantly fewer patients given oral atropine in 
both age ranges required IV atropine administration 
for treatment of low HR when compared with the NO 
group. Significantly fewer infants 1-6 months of age 
required IV atropine for treatment of low SBP than 
did those in the placebo group. However, in the 
patients 7-15 months of age, there was no significant 
difference between oral atropine and placebo in the 
frequency of the use of atropine for treatment of low 
SBP (Table 5). 

The antisialogogue effect (Mean + sp) in the 1—6- 
month-old age range was significantly greater in the 
HI (1.75 + 0.5) and LO (1.42 + 0.5) groups than in the 
NO (0.25 + 0.5) group with no significant difference 
between the HI and LO groups. In the 7~-15-month- 
old range the antisialogogue effect was significantly 
greater in the HI (1.50 + 0.5) than in the LO (0.92 + 
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Table 3. Age Range 1-6 Months: Changes in Heart Rate, Systolic Blood Pressure, and Mean Arterial Pressure during 


Halothane Anesthesia after Oral Atropine Premedication 


— a r ŘŘ—_— 


HI (0.04 LO (0.02 
mg/kg) mg/kg) NO (placebo) p” 
Heart rate 
Preinduction beats/min 196.3 + 14.1 151.4 + 20.0 170.6 + 31.5 <0.033 
Lowest (beats/min) 155.7 = 12:5 154.2 + 9.6 103.4 + <0.0001 
Percent change (%) S21 3265 14.5 + 9.7 -37.8 + 12:5 <0,0001 
Systolic blood pressure 
Preinduction (mm Hg) 98.3 + 15.4 101.5 + 16.7 104.4 + 17.4 >().67 
Lowest (mm Hg) 68.3 + 17.7 66.7 + 14.5 52.3. + 10.9 <0.021 
Percent change (%) -30.8 + 17:4 34.3 + 14.7 -48.2 + 11.0 <0.015 
Mean arterial pressure 
Preinduction (mm Hg) 76.4 + 13.5 86.5 + 13.7 86.9 + 20.6 >0.2 
Lowest (mm Hg) 52.4 + 13 $2.7 * 12:2 40.7 + 10.0 <0.03 
Percent change (%) —32.0 + 15. -37.8 + 15.1 —52.1 + 15.0 <0.008 
Induction (min) to 
Lowest HR 83+ 5:5 5.4+2.8 4.2 + 2.0 <0.034 
Lowest SBP 9.8 + 5.7 12.0 + 6.8 5.5 + 2.4 <0.016 


EEE 


Values are expressed as mean + sp; n = 12 in each group 
Abbreviations as in Table 1. 
“Analysis of Variance. 


Table 4. Age Range 7-15 Months: Changes in Heart Rate, Systolic Blood Pressure, and Mean Arterial Pressure during 


Halothane Anesthesia after Oral Atropine Premedication 


eee 


HI (0.04 LO (0.02 
mg/kg) mg/kg) NO (Placebo) p 
Heart Rate 
Preinduction beats/min 172.6 + 23.5 168.3 + 22.2 169.9 + 24.7 >0.9 
Lowest (beats/min) 142.3 + 17.5 125.3: + 20.1 94.4 + 9.8 <0.0001 
Percent change (%) —18.0 + 7.6 -25.0 + 12.3 -43,1 + 11.5 <0.0001 
Systolic blood pressure 
Preinduction (mm Hg) 108.8 + 13.6 108.6 + 13.5 111.3 + 15.0 >0.87 
Lowest (mm Hg) 74.8 + 26.4 81.5 + 12 68.9 + 13.6 >0.27 
Percent change (%) -36.6 + 18.9 RIEZ —37.3.+ 14.4 -0.26 
Mean arterial pressure 
Preinduction (mm Hg) 90.7 + 15.8 94.8 + 16.6 93.9 + 15.9 >0.81 
Lowest (mm Hg) 59.4 + 20.7 62.1 + 11.4 51.7 + 9.9 0.21 
Percent change (%) —39.9 + 16.0 37.4 + 11.8 ~44.1 + 11.8 0.49 
Induction (min) to 
Lowest HR 8.3 + 6.9 4.3 + 1.6 5.3 + 2.6 >0.08 
Lowest SBP 8.5 + 4.6 7.4 + 5.9 5.4 + 2.7 >0,27 


Oe 


Values are expressed as mean + sp; n = 12 in each group. 
Abbreviations as in Table 1. 
“Analysis of variance. 


0.7) group with both significantly greater than the 
NO (0.17 + 0.4) group. 

The only notable side effect of oral atropine was 
flushing in four patients (three HI and one LO) in the 
1-6 month age range, which resolved in less than 4 
hours. Hyperthermia or irritability were not observed 
in any patient. Problems observed in association with 
BP measurement included arm petechiae distal to the 
cuff in four patients and chest wall irritation after arm 
movement while the cuff was applied in two awake 
patients. 


Discussion 


These data demonstrate that premedication with oral 
atropine 0.02 mg/kg or 0.04 mg/kg is effective in 
attenuating the cardiovascular depressant effects of 
halothane in infants. In infants 1-6 months of age, 
both the severity and the incidence of bradycardia 
and hypotension were decreased by oral atropine 
premedication (Tables 3 and 5). In patients 7-15 
months of age, oral atropine premedication de- 
creased the severity and incidence of HR depression 


184 ANESTH ANALG 
1988;67: 180-5 


MILLER AND FRIESEN 


Table 5. Incidence of Significant Bradycardia and Hypotension in Infants during Halothane Anesthesia after Oral 


Atropine Premedication 
aa eee eae eS ee ee Ss 
Age range l-6 months Age range 7-15 months 


Oral Oral 
atropine* Placebot Y atropine* Placebot y 
Na es o 
HR < 100 beats/min 0 7 P< 0.01 3 9 P < 0.01 
SBPA > 50% 2 6 P< 0,01 3 2 P>0.8 
Either 2 10 P < 0.01 5 9 P < 0.01 


Abbreviations: SBPA, decrease in systolic blood pressure; other abbreviations as in Table 1 


*Oral atropine group, n = 24. 
tPlacebo group, » = 12 


but did not significantly affect changes in SBP or MAP 
(Tables 4 and 5). Infants 7-15 months of age had SBP 
depression of less severity and frequency than did 
infants 1-6 months old. 

Clinically evident cardiovascular depression dur- 
ing halothane anesthesia in infants 1-6 months old 
has been well described (6,11,13,14). The concept that 
sensitivity to the cardiovascular depressant effects of 
halothane is inversely related to age is supported by 
laboratory research (15-17). Rao et al. (15) exposed 
neonatal and adult isolated rat atrial preparations to 
halothane and demonstrated a dose-dependent de- 
pression of isometric contraction. The adult atria 
required nearly twice the halothane concentration as 
that of the neonatal atria to achieve the same amount 
of depression. Cook et al. (16) found the myocardial 
concentration of halothane in 15-day-old rats at the 
point of cardiovascular failure to be less than that in 
30- or 60 day-old-rats, despite the increased anes- 
thetic requirement for halothane in the younger rats. 
Wear et al. (17) demonstrated that at equipotent 
concentrations of halothane, neonatal rabbits devel- 
oped hypotension more often than did adult rabbits. 
These age-related differences are probably explained 
by the fact that the mammalian heart is immature at 
birth and continues to develop postnatally for some 
time (10). 

Comparison of the placebo groups in the two age 
ranges in the present study also lends support to the 
concept that sensitivity to the cardiovascular depres- 
sant effects of halothane is age-related. At the same 
inspired halothane concentration, infants 1-6 months 
of age experienced greater and more frequent de- 
creases in SBP than did infants 7-15 months of age 
(Tables 3-5). 

Because the ventricles of the young infant's heart 
are so noncompliant (10), cardiac output is highly 
dependent on HR. Atropine administration supports 
cardiac output by increasing HR. Blood pressure 
depends on both cardiac output and systemic vascu- 
lar resistance. If systemic vascular resistance changes 
very little in the young infant receiving halothane, as 


Table 6. Comparison of Patient Characteristics and 
Attenuation of Cardiovascular Depression in Infants 1-6 
Months Old Receiving either Oral Atropine or 
Intramuscular Atropine Premedication 








Oral Intramuscular 
atropine* atropinet 
Age (mo) 32 iZ 3:2) 7.8 
Weight (kg) 5.8 + 1.4 55/213 
NPO (hr) 6.3 + 2.4 6.2 + 1.7 
Heart rate 
Preinduction (beats/min) 188.9 + 18.5 198.0 + 18.0 
Lowest (beats/min) 154.9 + 10,9 162.0 + 14.0 
Percent change (%) -17.9 + 8.8 18.0 + 8.0 
Systolic blood pressure 
Preinduction (mm Hg) 99.9 + 15.8 98.0 + 14.0 
Lowest (mm Hg) 67.5 + 65.0 + 14.0 
Percent change (%) =32;6:= 34,0 + 15.0 
Mean arterial pressure 
Preinduction (mm Hg) 81.5 + 14.3 85.0 + 14.0 
Lowest (mm Hg) 52.5 + 12:8 48.0 + 11.0 
Percent change (%) 3.9 = 15.1 -44.0 + 10.0 





Values are expressed as mean + sp 

Abbreviations as in Table 1. 

“Oral atropine group is the combined HI and LO groups in the 1-6 
month age range; n = 24. 

tintramuscular atropine 0.02 mg/kg (Reference 6); n = 30 


the piglet study of Boudreaux et al. (18) suggests, 
then blood pressure is highly dependent on cardiac 
output. Thus, atropine supports blood pressure by 
maintaining cardiac output. 

Intramuscular atropine 0.02 mg/kg has been 
shown to attenuate cardiovascular depression during 
halothane administration to infants 1-6 months of 
age (6). The present study indicates that oral atropine 
provides comparable cardiovascular protection to 
similar patients during similar halothane anesthesia 
(Table 6). 

The oral route of administration was readily ac- 
cepted by both patients (only one infant spit out a 
portion of the solution and was excluded from the 
study) and by their parents. The onset of action of 
about 25 minutes is satisfactory for elective use. 
Flushed skin in four patients was the only noted side 
effect of oral atropine; this was transient and can 
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probably be minimized by using 0.02 mg/kg instead 
of 0.04 mg/kg. The only significant difference that we 
observed between the two doses was that 0.04 mg/kg 
was a more effective antisialogogue than 0.02 mg/kg, 
although the lower dose was still significantly better 
than placebo. The solution is inexpensive and easily 
prepared. 

We conclude that premedication with oral atropine 
0.02 mg/kg is effective in attenuating the cardiovas- 
cular depressant effects of halothane anesthesia in 
infants. 
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The ability to monitor continuous arterial hemoglobin 
oxygen saturation noninvasively using a sensor 
placed on a hand, finger, or toe allows prompt 
recognition and treatment of desaturation in a variety 
of clinical settings (1,2). Pediatric patients in general 
and specifically those with congenital heart disease 
are unique in their potential to change arterial oxygen 
saturation acutely. These patients, who not uncom- 
monly have minimal cardiopulmonary reserve, ben- 
efit from early detection of such changes using pulse 
oximetry. Unfortunately, our experience indicates 
that pulse oximetry does not function reliably in the 
operating room environment in two groups of chil- 
dren: 1) infants, and 2) patients undergoing hypo- 
thermic cardiopulmonary bypass with circulatory ar- 
rest for cardiac surgery. Peripheral vasoconstriction 
with decreased pulse amplitude in the currently used 
sensor sites (fingers and toes) is the primary reason 
for failing to consistently obtain a reliable saturation. 
We sought a sensor site that would be more reliable 
under these conditions, i.e., hypothermia, decreased 
cardiac output, and increased systemic vascular resis- 
tance. The following cases are examples of use of a 
more central site, the tongue. 
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Case Reports 
Case 1 


A 50-kg 15-year-old boy with complete AV canal and 
tetralogy of Fallot was scheduled for complete repair 
using hypothermic cardiopulmonary bypass and cir- 
culatory arrest. Before induction of anesthesia, a 
sensor (Nellcor Oxisensor, N25) was placed on the 
patient's left thumb. After induction, tracheal intuba- 
tion and placement of vascular catheters the patient's 
rectal temperature had fallen to 35.5°C. The finger 
sensor that had been functioning normally was now 
functioning only intermittently. An infant digit oxy- 
gen transducer (Nellcor Oxisensor, I-20) was modi- 
fied for application on the patient's tongue (Fig. 1). 
The sensor was shortened so that an equal amount of 
adhesive was present on each side of the two optical 
components. The aluminum nasal bridge of an oper- 
ating room mask was then cut to the size of the 
shortened sensor (Fig. 2). The additional tape pro- 
vided with the sensor was wrapped around the 
aluminum to adhere the sensor to the aluminum 
strip, making certain that the transparent windows 
were not covered (Fig. 3). The aluminum was then 
bent in a configuration such that the transparent 
windows directly opposed each other (Fig. 4). The 
patient's tongue was gently pulled forward, dried, 
and the sensor applied longitudinally on the tongue. 
The tongue was then repositioned in the mouth and 
the sensor cable taped to the face. Before initiation of 
cardiopulmonary bypass the saturations from the 
tongue probe correlated with the saturations calcu- 
lated from arterial blood samples. It was noted that 
signal interference from the electrocautery unit was 
markedly less using the tongue instead of a periph- 
eral site. On termination of bypass at a rectal temper- 
ature of 33.5°C, the tongue sensor functioned imme- 
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Figure 1. Nellcor I-20 pulse oximeter sensor. 





Figure 2. Shortened Nellcor I-20 sensor placed on a narrow piece 
of aluminum cut to the size of the shortened sensor, 


diately. The finger sensor began to function 10-15 
minutes after bypass but only intermittently for the 
duration of the postbypass period. An arterial blood 
sample taken from an indwelling catheter in the right 
radial artery showed an oxygen saturation of 94% 
(Poz, 68 mm Hg) when the tongue showed a satura- 
tion of 94% and the finger sensor was not function- 
ing. Examination of the finger showed no change in 
sensor position and the probe functioned adequately 
when subsequently applied to another individual. 


Case 2 


A 2.0-kg 3-week-old premature infant was scheduled 
for ligation of a patent ductus arteriosus. Both a left 
toe and tongue sensor were applied before placing 
the patient in the left lateral position. The tongue 
probe was less affected by electrocautery and by 
motion in the surgical field. At the end of the proce- 
dure, despite attempts to keep the infant warm, the 
rectal temperature was 35.2°C. The tongue sensor 
continued to function continuously and the toe sen- 
sor only intermittently. Examination of the toe sensor 
showed no change in position and it also functioned 
normally when placed on another individual. 


Case 3 


A 3.8-kg 11-week-old infant with agenesis of the right 
lung, tracheal stenosis, and small airways disease 
was undergoing bronchoscopy and tracheal dilation 
through a tracheostomy stoma. A sensor was placed 
on the child’s left foot and was functioning until a 
perforation of the distal trachea with the rigid bron- 
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Figure 3. Piece of adhesive from the I-20 package used to keep 
sensor on aluminum strip. 





Figure 4. The aluminum strip is carefully bent to ensure that the 
optical windows are directly across from each other when the 
sensor is placed on the tongue. 


choscopy occurred. Diminished breath sounds were 
noted in the left chest, the child’s skin became pale 
and mottled indicating marked cutaneous vasocon- 
striction, followed shortly by bradycardia. The foot 
sensor ceased functioning. A modified sensor was 
immediately placed on the child’s tongue. The sensor 
began to read immediately (oxygen saturation, 53%). 
The child’s position, position of the bronchoscope, 
and ventilatory pattern were guided by the satura- 
tions indicated by the tongue sensor. After resuscita- 
tion and establishing what was believed to be an 
acceptable ventilatory pattern the tongue sensor sat- 
uration reading was 83-86% and an arterial blood 
sample showed a Po, of 57 mm Hg. Emergency 
cardiopulmonary bypass was instituted with hypo- 
thermic arrest to repair the trachea. At the termina- 
tion of bypass the tongue sensor again provided 
information useful in guiding the ventilation. The 
peripheral sensor did not function. Both sensors were 
observed at the end of the case; the foot probe was 
securely positioned as initially placed. 


Discussion 


Our observations and those of others that peripheral 
sensors do not function reliably under conditions of 
hypothermia and grossly abnormal systemic vascular 
resistance made us seek an alternative sensor location 
that would provide more reliable and continuous 
assessment of arterial hemoglobin oxygen saturation 
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during such conditions (3). We thought that the 
arterial pulsations in the tongue would be less influ- 
enced by intraoperative conditions. The observations 
in these three patients where the tongue was used to 
monitor arterial oxygen saturation support this belief. 
In addition the relatively protected intraoral site is 
less influenced by motion of the surgical team than is 
a peripheral site. Protection from electrosurgical in- 
terference may be in part explained by the fact that 
the mouth functions as a Faraday shield when the 
tongue and sensor are piaced well inside the oral 
cavity. However, positive pressure ventilation results 
in more profound variation in the signal amplitude 
from the tongue sensor than from other more periph- 
eral sites and the changes in amplitude appeared to 
be augmented during hypovolemia. The resultant 
saturations, however, continued to correlate with 
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arterial blood gas samples although heart rate was 
not accurate. Monitoring arterial oxygen saturation 
via a non-invasive tongue sensor shows promise for 
application in cardiac surgery and in other settings 
where conventional sites prove unreliable. Design 
modification and systematic evaluations have been 
initiated. 


References 


1. Casthely PA, Redko V, Dluzneski J, Goodman K. Pulse oxi- 
metry ir pulmonary artery banding (abst). Anesthesiology 
1986;65:421. 

2. Cote CJ, Goldstein EA, Ryan JF, Cote MA. A single blinded 
study of pulse oximetry in children (abst). Anesthesiology 
1986;65:4446. 

3. Tremper KK, Hefstedler SM, Barker SJ, Adams AL, et al. 
Accuracy of pulse oximetry in the critically ill adult: effect of 
temperature and hemodynamics. Anesthesiology 1985;63:A175. 





MS tee ue 


1988; 67: 189-91 


One-Lung Ventilation of the Newborn with Tracheoesophageal 


Fistula 


Anis Baraka, Mp, Samir Akel, Mp, Sanie Haroun, Mp, and Alex Yazigi, MD 





Key Words: ANESTHESIA—pediatric. 
GASTROINTESTINAL TRACT—esophageal fistula. 


Intermittent positive pressure ventilation (IPPV) of 
the newborn having esophageal atresia associated 
with distal tracheoesophageal fistula (TEF) may result 
in marked distention of the gastrointestinal tract, 
which can be complicated with serious cardiovascular 
embarrassment (1). 

The present report shows that, in two newborns 
having surgical repair of TEF, selective bronchial 
intubation can be safely used to achieve one-lung 
ventilation (OLV) while the sidewall of the tube 
serves to occlude the fistula, thereby retarding gas 
insufflation into the stomach. 


Case Report 1 


The newborn was a 3-day-old, 2.5-kg male, the 
product of a full-term pregnancy and normal vaginal 
delivery. The baby had excessive drooling of saliva 
and vomiting after attempted feeding. The patient 
was diagnosed as having esophageal atresia associ- 
ated with distal TEF. X-ray film of the chest revealed 
bilateral pneumonia. 

The baby was scheduled for preliminary gastrost- 
omy. He was premedicated with IM atropine 0.1 mg. 
After awake tracheal intubation, anesthesia was 
achieved by spontaneous breathing of 50% N.O:O, 
and 0.5-1% halothane. The baby developed apnea. 
Controlled ventilation produced gastric distention 
and bradycardia. Atropine 0.1 mg was injected intra- 
venously and the tracheal tube was pushed down 
into the right main bronchus as evidenced by chest 
auscultation and X-ray film (Fig. 1). The heart rate 
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increased. One-lung ventilation (OLV) via the bron- 
chial tube was not associated with gastric inflation, 
and was continued using halothane in 100% oxygen 
until gastrostomy was performed. After gastrostomy, 
the tracheal tube was withdrawn above the carina and 
two-lung ventilation was maintained (Fig. 2) until the 
baby resumed regular spontaneous breathing. 


Case Report 2 


A 2-week-old, 2.8-kg female, the product of a normal 
vaginal delivery, had esophageal atresia associated 
with distal TEF complicated with bilateral pneumo- 
nia. A preliminary gastrostomy was done under local 
anesthesia at the age of 1 week and antibiotic therapy 
was started. The pneumonia cleared after 1 week. 
The baby was then scheduled for right posterolateral 
thoracotomy and extrapleural repair of the TEF. 

The baby was premedicated with IM atropine 0.1 
mg. Awake orotracheal intubation was performed 
using a 3-mm internal diameter tracheal tube. Selec- 
tive left bronchial intubation was achieved by turning 
the tube in the trachea through 180° before advancing 
it down into the left main bronchus (2). Chest aus- 
cultation confirmed selective left bronchial intuba- 
tion. The tube was secured in position and ventilation 
was controlled using 1-2% halothane in 100% oxy- 
gen. After posterolateral thoracotomy, the TEF was 
repaired via the extrapleural approach. The fistula 
was divided and the tracheal end was sutured. An 
esophageal anastomosis was also performed. The 
surgical procedure was significantly facilitated by 
having the right lung on the operative side motion- 
less and collapsed, while contralateral left bronchial 
intubation was used to provide OLV of the depen- 
dent left lung. Arterial blood gas analysis after 30 
minutes of OLV showed Po, 80 mm Hg, Pco, 42 mm 
Hg, and pH 7.45. 

After repair of the TEF, the tube was withdrawn 
from the left bronchus into the trachea above the 
suture line, to achieve two-lung ventilation and to 
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assure that closure of the TEF was airtight. At the end 
of surgery, halothane anesthesia was discontinued, 
and the baby was extubated after resuming adequate 
spontaneous breathing. Arterial blood gas analvsis 
while the baby was breathing 100% oxygen by face 
mask revealed Po, 160 mm Hg, Pco, 30 mm Hg, and 
pH 7.46, Blood gas tensions while breathing room air 
were Po, 77 mm Hg, Pco; 40 mm Hg, and pH 7.46. 
Postoperative chest X-ray films showed expansion of 
both lungs with no evidence of atelectasis or pneu 
mothorax. 
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Figure 1. Chest X-ray film during 
OLV after right bronchial intubation 


Figure 2. Chest X-ray film during TLV 
after withdrawal of the tracheal tube 
above the carina 


> =F) 


Discussion 


Intermittent positive pressure ventilation of the new- 
born with esophageal atresia associated with distal 
TEF can result in marked distention of the gastroin- 
testinal tract that may be severe enough to be associ- 
ated with gastric rupture (3), or serious cardiovascu- 
lar embarrassment (1). Gastric distention during IPPV 
will be exaggerated whenever the lungs of the new- 
born are noncompliant (4) secondary to pneumonia, 
RDS, or the unusual combination of TEF and dia- 
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phragmatic hernia (5). An initial gastrostomy under 
local analgesia may decrease gastric inflation and 
aspiration pneumonia (1). However, gastrostomy 
may compound the ventilatory problem during IPPV 
in the presence of noncompliant lungs by creating a 
low-pressure vent (4). A solution to this problem has 
been devised by Filston et al. (4) who used a bron- 
choscope to place a Fogarty catheter into the TEF and 
inflated the balloon to occlude the fistula. However, 
both gastrostomy and bronchoscopic occlusion of the 
fistula are time-consuming and cannot be rapidly 
applied in emergency situations. 

Salem et al. (6) suggested occlusion of the TEF by 
placing the tip of the tracheal tube between the carina 
and the TEF; both lungs can then be ventilated 
without insufflating gases through the fistula. How- 
ever, to ensure effective blocking of the fistula, the 
tracheal tube should not have a side hole and the tube 
should be positioned with its bevel facing anteriorly. 
Also, the fistula is usually located just proximal to the 
carina, which makes it difficult to secure the tube in a 
position between the carina and the TEF. Any slight 
upward movement of the tube may bring its bevel 
above the TEF or even into the TEF itself. We found 
it more practical in the first baby, who developed 
gastric distention and bradycardia secondary to IPPV, 
to advance an ordinary tracheal tube down to the 
right main bronchus where it could be easily secured 
in position. Because of the anatomy of the tracheo- 
bronchial tree in infants and children (7), right bron- 
chial intubation can be easily performed (8) in emer- 
gency situations; one-lung ventilation (OLV) is 
achieved while the sidewall of the tube serves to 
occlude the TEF, thereby avoiding gas insufflation 
into the stomach. 

The technique of selective bronchial intubation 
was used electively in the second newborn to provide 
OLV during the definitive repair of TEF. Because a 
right thoracotomy was used, contralateral left bron- 
chial ventilation was performed to provide OLV of 
the dependent left lung and to allow a motionless 
collapsed right lung on the operative side. Arterial 
blood gas tensions during OLV showed adequate Po, 
and Pco, levels. The technique markedly facilitated 
the extrapleural approach for surgical repair of the 
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TEF and decreased the possibility of accidental pleu- 
ral injury during the surgical procedure. 

In conclusion, the present report shows that in the 
newborn with esophageal atresia associated with 
distal TEF, IPPV may result in marked gastric disten- 
tion complicated with cardiovascular embarrassment. 
Selective bronchial intubation can provide OLV while 
the sidewall of the tube serves to occlude the TEF, 
thereby avoiding gas insufflation into the stomach. 
Right bronchial intubation was performed in our first 
newborn undergoing preliminary gastrostomy, 
whereas left bronchial intubation was used in our 
second newborn undergoing right thoracotomy for 
the definitive repair of TEF. Checking arterial blood 
gas during OLV of the second newborn revealed 
adequate Po, and Pco, levels. 

OLV is potentially hazardous because it creates a 
major right-to-left intrapulmonary shunt. Spot- 
checking of blood gas during prolonged OLV may 
miss periods of clinically important hypoxemia. That 
is why continous monitoring of oxygenation by a 
pulse oximeter is advised when this technique is 
used. 
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The reports of paradoxical air embolism (PAE) durirg 
venous air embolism (VAE) in patients operated on n 
the sitting position (SP) are for the most part individ- 
ual case reports, suggesting that the incidence >f 
significant complications from PAE are relatively rare 
(1). Nevertheless these complications are serious ard 
can be responsible for devastating neurologic cons2- 
quences and air emboli to the coronary circulation (). 
The passage of embolized air from right to left circa- 
lation generally occurs through a patent foramen 
ovale (PFO). Paradoxical air embolism has been dem- 
onstrated during anesthesia using transesophageal 
echocardiography (2-D TEE) (3). New developmerts 
in the ability to identify preoperatively patients with 
PFO may further decrease the mortality and the 
morbidity associated with episodes of PAE occurring 
in the SP. 

This study reports the preoperative frequency of 
detected PFO by two-dimensional contrast echocar- 
diography (2-D CE) in patients scheduled for a sur- 
gery in the SP and the incidence of intraoperative 
cardiac ischemia and postoperative clinical neurologic 
deficit observed in patients without detected PFO 
operated in the SP. f 


Methods and Materials 


This prospective study was carried out over a 2-year 
period. Two hundred eighteen patients (68 women 
and 150 men) scheduled for a neurosurgical proze- 
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dure in the sitting position were studied. All patients 
gave their informed consent and institutional ap- 
proval by the Ethics Committee was obtained. The 
mean age (+sp) of the patients who were scheduled 
to undergo cervical laminectomy (74 patients) or 
posterior fossa exploration (144 patients) was 45 + 16 
years. At least twenty-four hours before surgery a 
trained echocardiographer in an echo suite detected 
PFO by a preoperative 2-D CE performed in SP. Ten 
ml agitated sterile saline solution was injected 
through an 18-gauge catheter placed in an antecubital 
vein. The saline solution was prepared immediately 
before injection by vigorously shaking a vial contain- 
ing the saline solution and then filling a syringe, 
carefully extruding all macroscopic air. Injection was 
accomplished by rapid manual compression of the 
syringe over a period of 2 to 3 seconds. Between four 
and eight injections were given in each patient to 
obtain optimal contrast effect. The 2-D echoes were 
recorded in the apical four-chamber view. Injections 
were performed during normal quiet respiration, 
during coughing, and at the time of release of the 
strain phase of the Valsalva maneuver. The presence 
of right-to-left shunting was established by observing 
transient echo targets cross from the right atrium to 
the left atrium or the left ventricle (Fig. 1). 

If a right-to-left shunt was demonstrated, SP was 
considered contraindicated and the surgery was per- 
formed in ventral or lateral position; only patients 
without identified right-to-left shunting underwent 
surgery in the SP. In these patients, induction of 
anesthesia consisted of thiopental (5 mg/kg) and 
fentanyl (5 ug/kg) followed by vecuronium (8 mg) for 
intubation. A continuous infusion of fentanyl 
(0.05-0.1 wg-kg~t-min™*) and 60% N,O in O, during 
mechanical ventilation without positive end-expira- 
tory pressure (PEEP) were used to maintain anesthe- 
sia. Intravascular volume loading with a dextran 
solution (10-15 ml/kg) preceded SP in all patients. 
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Figure 1. Two-dimensional contrast 
echocardiography in patient with 
patent foramen ovale. (a) We noted 
the appearance of the contrast me- 
dium (in white) in the right atrium 
(RA). (b) The contrast medium has 
passed into the right ventricle (RV) 
but also into the left cardiac cavities 
(left atrium [LA]), left ventricle (LV) 
via a PFO 


Routine monitoring included electrocardiography 
(lead V5) and direct arterial blood pressure measure- 
ments through a radial artery catheter. Special mon- 
itoring for VAE included a Swan-Ganz 7F catheter 
and an infrared capnometer (Datex Normocap). The 
criteria confirming the diagnosis of VAE were both an 
increase in gradient between the capillary wedge 
pressure and the pulmonary artery pressure (PAP) 
sometimes associated with the aspiration of air micro- 
bubbles by the right atrial catheter and a fall in 
end-tidal Pco, (P,.,co,). In each case of VAE a gentle, 
short duration bilateral jugular compression was ap- 
plied to demonstrate the source of VAE, and N-O 
was immediately discontinued until PAP and P,,co, 
had returned to their initial values. 

To detect PAE during the intraoperative course, 
visualization of air in the cerebral arteries and cardiac 
ischemia signs on ECG lead V5 were searched espe- 
cially during episodes of VAE. In the immediate 
postoperative period a neurologic examination was 
performed to search for clinical deficits unrelated to 
the surgical procedure. In this last case the diagnosis 
of PAE could be confirmed by the presence of air with 
cerebral computed tomographic scan. 


Results 


Identification of a right-to-left shunting was observed 
in 22 patients (10%) on the preoperative 2D-CE. 
Because none of these patients had clinical evidence 
of true atrial septal defect, it can be assumed that the 
shunting of echogenic microbubbles occurred 
through a PFO. The shunting was noted in 15 pa- 
tients during spontaneous ventilation, in 19 patients 
during coughing, and in all 22 patients after a Val- 
salva maneuver. 
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In seven patients the 2-D CE was of suboptimal 
technical quality and insufficient to rule out a PFO. 
No side effects were associated with the method. 

Consequently, the SP was contraindicated in these 
29 patients (13%). The procedure was conducted in 
the SP in the remaining 189 patients (126 posterior 
fossa interventions, 63 cervical laminectomies), Thir- 
ty-nine patients (20%) presented one or several epi- 
sodes of VAE. The frequency of VAE was 13% in 
cervical laminectomies and 23% 
interventions. During these episodes of VAE, no 
ECG changes were noted and no air bubble was 
visualized in the cerebral arteries. 

During the postoperative period one patient with- 


in posterior fossa 


out VAE episode presented a transient, slight qua- 
draparesis related to a cervical cord ischemia attrib- 
uted to intraoperative prolonged cervical flexion. All 
the other patients recovered uneventfully from anes- 
thesia. No clinical neurologic deficit could possibly be 
attributed to a PAE especially in patients with epi- 
sodes of VAE. 


Discussion 

The most likely cause of PAE is related to the passage 
of air bubbles through a PFO. The incidence of a PFO 
in the general population is reported to be 20-30% 
(4). Because VAE occurs in 30-40% of patients during 
seated neurosurgical procedure (2), the risk of PAE in 
the SP could be estimated close to 6-12% (1,2). 
However, the true incidence of PAE is unknown. The 
neurologic or cardiovascular sequelae due to PAE 
depend on the amount of air passing through the 
PFO and on the PAE route. All these considerations 
probably explain why PAE is not usually detected by 
clinical signs. 
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However, the PAE is a well known phenomenon 
that can be visualized using 2-D TEE during anesthe- 
sia in patients with a PFO during neurosurgical 
procedures in the SP (3). Disastrous outcomes from 
PAE have been reported in such patients (2). There- 
fore, the ability to identify preoperatively patients 
with a PFO, using 2-D CE, seems to be of the utmost 
importance (5). 

In this study 22 patients with a PFO were detected, 
which represents a 10% incidence. Among these 
patients, 15 (6%) had a right-left shunting at rest 
during spontaneous ventilation. The sensitivity of the 
method can be improved by increasing the right-left 
shunting during coughing (6) (19 detected patients) 
and by the Valsalva maneuver (22 detected patients) 
(6). All patients with a detected PFO must be consid- 
ered as having a “high risk” to develop PAE during 
VAE episodes. Avoidance of the SP in these patients 
should decrease the risk of VAE and consequently 
the risk of PAE with its complications. 

The incidence of PFO detected in this study is 
comparable to that observed in healthy volunteers 
using the same method (7), but less than that re- 
ported in autopsy studies (4). In some cases of PFO, 
the passage of the contrast medium from right to left 
cavities is either impossible or insufficient to be 
detected by 2-D CE. This can be explained by varia- 
tions in the size of PFO (1-19 mm diameter) (4) and 
by differences in the importance of the right-left 
shunting for each patient, either spontaneously or 
during coughing or the Valsalva maneuver. Conse- 
quently the occurrence of a PAE ina patient without 
a detectable PFO cannot be excluded, particularly 
during a spontaneous episode of massive VAE, in 
which both the volume of air embolized and the 
right-left shunting at the atrial level can be greater 
than during 2-D CE associated with coughing or the 
Valsalva maneuver. This phenomenon has already 
been observed by Cucchiara et al. (3) with 2-D TEE 
during surgery, who reported a patient in the SP who 
demonstrated a PAE intraoperatively during a spon- 
taneous VAE, although no paradoxical contrast bub- 
bles had been previously visualized. Therefore, in 
patients with no PFO detected by a preoperative 2-D 
CE, early detection of VAE must still be carefully 
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monitored during neurosurgical procedures in the 
SP. 

The incidence of clinical postoperative complica- 
tions related to PAE is reported to be <1% in patients 
operated on in the sitting position (1). Therefore, it is 
not possible to conclude from this limited study that 
the absence of cardiac or neurologic complications is 
exclusively due to the preoperative detection of a 
PFO. However, because PAE occurs generally 
through a PFO, it seems likely that reducing the 
number of neurosurgical procedures in the SP in 
patients identified as having a PFO will decrease the 
incidence of PAE. Because PAE can be a life- 
threatening complication, the cost of a preoperative 
2-DCE appears justified. Two-dimensional contrast 
echocardiography is a safe, noninvasive method that 
can be helpful to identify the presence of atrial 
right-to-left shunting in all patients scheduled for 
neurosurgical procedures in the sitting position. 


We thank Miss C. Bourassier for typing the manuscript. 
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Letters to the Editor 





Carbon Dioxide Detection and 
Esophageal Intubation 


To the Editor: 


Dr. Sum Ping’s letter (Anesth Analg 1987;66:483) is ex- 
tremely important in its implication, for in recent years the 
determination of end-tidal CO, has come to be widely 
accepted as the best method for determining proper endo- 
tracheal tube placement. The widespread use of infrared 
capnography and mass spectrometry in the operating room 
rests on the assumption that CO,, while abundant in 
alveolar gas, is virtually absent in stomach gas. We as 
anesthesiologists must respond to his concern, for if his 
interpretation is correct, we have placed far too much 
weight on this single measurement. 

Dr. Sum Ping’s conclusions raise two questions. First, 
how does the gas in the stomach accumulate so much 
carbon dioxide? Dr. Sum Ping postulates, “If enough alve- 
olar gas is forced down the esophagus into the stomach 
during mask ventilation prior to intubation, the concentra- 
tion of CO, in the latter may be similar to that in the 
alveoli.” This suggestion appears simplistic, in that any 
alveolar gas forced into the stomach during mask ventila- 
tion will be diluted first with fresh anesthetic gases and 
subsequently with native stomach gas. Therefore, stomach 
gas, Pco, should not approach alveolar levels. 

Second, we are puzzled by the waveforms submitted. 
As Dr. Sum Ping points out, the waveform of the first three 
breaths looks virtually normal before becoming flat very 
quickly. We agree, but assert that this graph simply does 
not represent a pattern of gas washout. In the first three 
breaths depicted in the waveforms, there was no change in 
end-tidal CO,, followed by a precipitous drop to zero in 
breaths four to six. This pattern is not consistent with 
conventional washout curves and indicates that for the first 
three breaths no washout occurred! What happened be- 
tween breaths three and four to account for this dramatic 
change? 

Another explanation might be that the tube was initially 
properly placed in the trachea, but became dislodged 
between breaths three and four. Proper tube placement 
explains the measurement of consistent physiologic levels 
of CO, observed in the first three breaths. The rapid 
decrease in CO, in subsequent breaths followed displace- 
ment and resulted from dilution with gas from the mouth, 
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pharynx, and/or esophagus. As Murray and Modell have 
previously pointed out, inadvertent movement of the tube 
tip from the larynx to the pharynx produced distinctly 
different waveforms (1). 

We suggest that our explanation provides a plausible 
interpretation of the facts as presented by Dr. Sum Ping 
and believe that the measurement of expired CO, remains 
the standard of reference in the determination of proper 
endotracheal tube placement. 


Henry H. Salzarulo, mp 
Basil C. Leiman, MB, BCh 
Jeffrey Katz, MB, ChB 

Bruce Butler, PhD 

Department of Anesthesiology 
University of Texas Medical School 
Houston, TX 77030 
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In Response: 


Thank you for giving me the opportunity to reply to Dr. 
Salzarulo et al. In response to their first question, I do not 
believe that the alveolar gas forced into the stomach is 
diluted to any significant amount. After expiration, the 
pharynx, mouth, and area under the mask, up to the 
Y-connector in a circle system, contain expired alveolar gas. 
During this phase of ventilation, fresh gas does not cause 
any dilution in those areas because it normally goes to the 
part of the system with the least amount of resistance, i.e., 
to the reservoir bag. During the inspiratory phase of 
ventilation, the undiluted alveolar gas in the above areas 
will be the first to be forced, during positive pressure 
ventilation, down either the esophagus or the lung fol- 
lowed by fresh gas. As volume of gas in both the esophagus 
and lung builds up, the compliance of the esophagus 
decreases faster than that of the lung. This will lead to most 
of the fresh gas going to the lung, but some will leak out in 
a difficult mask case. Hence the gas going to the esophagus 
and stomach may consist mainly of alveolar gas. If alveolar 
ventilation is inadequate for any reason during a difficult 
situation, then Pco, of alveolar gas may increase to 50 mm 
Hg or even higher. Also the Pco, of stomach gas is never 0 
mm Hg because of its good blood supply. For these 
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reasons, I believe that Pco, of esophageal and stomach gas 
may approach alveolar level. 

To answer the second question, one would not expect a 
normal pattern of gas washout from the esophagus and 
stomach for the following reasons: 


1. There is a physiologic sphincter between the stomach 
and esophagus that makes movement of gas across it 
very unpredictable. 

. Because of the distensibility of the esophagus it is 
difficult to obtain a “good” seal with the cuff of a 
misplaced endotracheal tube. This will cause leakage of 
gas from the esophagus during and in between the 
inspiratory phase of ventilation. As a result, the volume 
of fresh gas entering the stomach is very variable. 

3. The ‘end-tidal’ Peo, with esophageal intubation does 
not reflect the Pco, of the stomach gas because the 
former will vary according to how much gas comes out 
of the stomach during the expiratory phase. 


N 


The letter also referred to the study by Murray and 
Modell, which concluded that no carbon dioxide could be 
measured if the endotracheal tube was placed in the esoph- 
agus. But that study was done on mongrel dogs, none of 
which required mask ventilation. 

I maintain my original belief, but despite this limitation, 
which is pointed out so that anesthetists will observe the 
CO, pattern sufficiently, I still trust continuous end-tidal 
CO, measurement as a reliable way of determining proper 
tube position, provided one looks at the waveform again 
after several breaths. 


S. T. Sum Ping, MBCh, FFARCS 
Department of Anesthesia 

The University of lowa Hospitals 
lowa City, IA 53340 


In Response: 


I read with interest the case report written by Dr. Ping 
(Anesth Analg 1987;66:483) dealing with the problem of 
accidental esophageal intubation (1). Dr. Ping has noted 
that traces of carbon dioxide can be seen in a capnogram 
even if the intubation tube is placed into the esophagus. 
This finding was first published in 1983 in Acta Anaesthe- 
siologica Scandinavica (2), The article includes a figure very 
similar to that published by Ping. The fact that carbon 
dioxide can be detected with esophageal intubation when 
expired CO, has been forced into the stomach during prior 
mask ventilation was also mentioned in the review of 
Birmingham et al (3). However, end-tidal CO, measure- 
ment remains the most reliable method for detection of 
accidental esophageal intubation. This is because atter a 
few breaths, the CO, in the stomach is diluted and the 
waveform will very quickly become flat (1) 


Kai Linko, MD 

Department of Anaesthesia 

Helsinki University Central Hospital 
Helsinki, Finland 


LETTERS TO THE EDITOR 


References 
1. Ping STS. Letter to the Editor. Anesth Analg 1987;66:483, 


2. Linko K, Paloheimo M, Tammisto T. Capnography for detection of 
accidental oesophageal intubation. Acta Anaesthesiol Scand 1983;27: 
199-202. 


3. Birmingham PK, Cheney FW, Ward RJ. Esophageal intubation: a review 
of detection techniques. Anesth Analg 1986;65:886-91 








Stressed Children? 


To the Editor: 


Davis et al. (1) provided useful information on the pharma- 
cokinetics of sufentanil in infants and young children (ASA 
II and III) undergoing cardiac surgery. However, the sufen- 
tanil was given after insertion of the intravenous catheter, 
endotracheal tube, and arterial catheter. The children were 
intubated after being given nitrous oxide (percentage not 
specified) and metocurine. Halothane was added only if 
there was difficulty with venous or arterial cannulation. 
The children received a preoperative medication of mor- 
phine, secobarbital, and atropine. Infants younger than 1 
year were given only atropine. 

Perhaps the children were adequately anesthetized dur- 
ing intubation. The data to assess this was not given. The 
hemodynamic baseline data presented were obtained the 
day before surgery. The initial intraoperative hemodynamic 
data shown were obtained 1 min after sufentanil anesthe- 
sia. The catecholamine levels were much higher than those 
seen in adults undergoing cardiopulmonary bypass (2,3). 
Without knowledge of the catecholamine levels before 
induction, it cannot be determined if the elevated levels 
reflected the basal state of children with congenital heart 
disease or a stress response. The first samples were at- 
tained before sufentanil was administered, but this infor- 
mation was not presented. 

I find it ironic that the stress response to cardiovascular 
procedures was studied after intubation on minimal anes- 
thesia. As a mother, I would not consent for my child to 
participate in this study. I wonder if the desire to perform 
a “pure” drug study interfered with the optimal patient 
care? 

Deborah J. Dehring, MD 
Department of Anesthesiology 


The University of Texas Medical Branch 
Galveston, Texas 77550-2778 
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In Response: 


Although many sedative-hypnotic agents, narcotics, and 
muscle relaxants have been extensively studied in adult 
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surgical patients, it is equally important to document the 
safety, efficacy, pharmacokinetics and pharmacodynamics 
of these agents in infants and small children. We are quite 
sensitive to the issue of balancing good pharmacologic 
experimental design with the practicalities of optimal anes- 
thetic care for studies in infants. Because it is difficult to 
place intravenous and arterial catheters in awake, strug- 
gling infants, “pure” pharmacologic studies of intravenous 
drugs are rare. We and others have preferred to sedate or 
anesthetize infants before inserting vascular catheters or 
before tracheal intubation. Indeed such was the case in our 
sufentanil study although the manuscript is in error in this 
regard. In the infants in whom anesthesia was induced 
with nitrous oxide and oxygen (5 of 20), sufentanil was 
given before, not after the trachea was intubated (1). In the 
remaining infants (15 of 20) in whom arterial or venous 
access was difficult, the trachea was intubated during 
nitrous oxide-oxygen and halothane anesthesia. Review of 
our anesthetic records indicates that no infant was stressed 
as evidenced by unacceptable changes in heart rate and 
blood pressure during the intubation. 

The main purpose of the catecholamine determinations 
were to show relative changes in cathecholamine concen- 
trations during different periods of surgery. The issue of 
what constitutes a baseline value is very difficult in pediat- 
ric anesthesia. Hickey and Hanson (2), in their comparative 
study of sufentanil and fentanyl in children undergoing 
corrective heart surgery, commented that their preinduc- 
tion baseline values for heart rate and blood pressure were 
somewhat higher than expected because of patients’ under- 
lying congestive heart failure, light premedication, and 
agitation. We are not convinced that obtaining blood sam- 
ples from an agitated and/or frightened child before the 
induction of anesthesia (whether this is done in the oper- 
ating room or in the patient's ward) represents a baseline 
level. Because of the differences in techniques used for 
induction, N,O/O, sufentanil and N,O/O, halothane, we 
elected to use as a basis for reference catecholamine levels 
1 min after sufentanil infusion. We had a great deal of 
difficulty with hemolysis in the first 10 patients. Unfortu- 
nately, the five patients in whom anesthesia was induced 
with nitrous oxide-oxygen and sufentanil were in this 
group and, therefore, the change in catecholamine levels 
with intubation could not be adequately assessed. 

Dr. Dehring correctly notes that the catecholamine levels 
observed in our series are higher than those reported in 
adult patients undergoing cardiopulmonary bypass (3,4). 
Presently, little data are available on the anesthetic effects 
of catecholamines in children undergoing open heart pro- 
cedures. However, Moore et al. (5), in a similar study on 
the hemodynamic and anesthetic effects of sufentanil in 
older pediatric patients undergoing cardiac surgery, re- 
ported catecholamine concentrations in the range similar to 
the levels reported in our study. In addition, in infants 
receiving high dose fentanyl (after a nitrous oxide-oxygen- 
halothane induction) for cardiac surgery, we noted cate- 
cholamine levels comparable to those reported with sufen- 
tanil (personal observation). Whether the elevated 


ANESTH ANALG 197 
1988:67:195-8 


catecholamine levels observed in infants and children are a 
result of the underlying pathophysiology of congenital 
heart disease or whether these differences in catecholamine 
levels represent differences in premedication, adjunct an- 
esthetic agents, and anesthetic techniques, or represent 
differences in assay techniques, remains to be determined. 


Peter J. Davis, MD 

D. Ryan Cook, mp 

Richard Stiller, mp 

Karen Davin-Robinson, CRNA 
Department of Anesthesiology 
Children’s Hospital of Pittsburgh 
Pittsburgh, PA 15213-3417 
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Megaloblastic Anemia and Brief 
Exposure to Nitrous Oxide—A 
Causal Relationship? 


To the Editor: 


Neurologic dysfunction secondary to exposure to nitrous 
oxide, which unmasked previous vitamin B12 deficiency, 
has been reported in two patients (1). Recently, we encoun- 
tered at our institution a patient with a history of a resolved 
vitamin B12 deficiency, in whom megaloblastic anemia 
reccurred after a brief anesthetic exposure to nitrous oxide. 
The patient was a 76-yr-old woman with a history in the 
mid-1960s of a short-bowel syndrome secondary to the 
removal of an 85-cm segment of small bowel, including part 
of the terminal ileum. After this operation, vitamin B12 
deficiency developed and required treatment, but the ane- 
mia had resolved and the patient had not been taking 
supplements at the time of her present admission. 

The patient was admitted for an anterior cervical fusion. 
Preoperative hematocrit was 43.9%, RBC 10 x 5 cmm = 
3.84, MCV 114 p° (normal 79-99), MCH 38.3 pug (normal 
27-31), and MCHC 33.5 vol % (normal 32-36). Anesthesia 
was induced with thiopental 400 mg and fentanyl 3 ug/kg, 
followed by atracurium 30 mg IV, and was maintained with 
nitrous oxide 60% in oxygen, isoflurane, and fentanyl. The 
operation lasted 2 hr and 15 min. With a hematocrit of 
41.3% and no postoperative complications, the patient was 
discharged from the hospital. 

Subsequently the patient complained of increasing fa- 
tigue, pain, numbness, and weakness in both arms. Five 
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months after operation, she was seen by her medical 
internist, who found her hematocrit was 30.3%, MCV 111 
W°, MCH 41.4 uug, MCHC 37.3 vol %, and vitamin B12 
level <100 pg/m. She was treated with vitamin B12, 1 mg 
IM four times a month, and 1 month later her hematocrit 
was 40.2 vol %, MCV 96 p, MCH 32.8 pug, and MCHC 
34.1 vol %. 

Nitrous oxide can inactivate the vitamin B12 group of 
methionine synthetase. Although our patient was not ane- 
mic preoperatively, her indexes showed macrocytosis and 
probable marginal absorption of vitamin B12 from her short 
bowel. Though exposure to nitrous oxide for our patient's 
anesthesia was brief, her probable low levels of vitamin 812 
might have been oxidized enough to depress methionine 
synthetase activity. Because her ability to absorb vitamin 
B12 would have been poor, the amount needed to replenish 
the stores might not have been sufficient; thus, megaloblas- 
tic anemia could have developed. 
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Though we cannot be certain this episode resulted from 
exposure to nitrous oxide, it may be wise not to expose 
patients with a history of pernicious anemia or certain 
malabsorption problems to nitrous oxide, even briefly. This 
type of effect may be more common than originally sus- 
pected (1). 

Jerry J. Berger, MD 

Jerome H. Modell, Mp 

Department of Anesthesiology 

George W. Sypert, Mp 

Department of Neurosurgery 

University of Florida College of Medicine 
Gainesville, FL 32610-0254 
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Book Reviews 


Physiology of Oxygen Radicals 

Aubrey E. Taylor, Sadis Matalon, and Peter A. Ward, 
eds. Bethesda: American Physiological Society, 1986, 301 
pp, $49.50. 


The rapid transition of the biology of free radicals from an 
esoteric topic of interest to a subject of major importance to 
a wide variety of biomedical workers is well exemplified by 
this book. Phenomena as diverse as biologic aging, normal 
defense mechanisms against pathogenic bacteria, hepatic 
toxicity of chloroform, pulmonary oxygen toxicity, myocar- 
dial damage following reperfusion after infarction, and 
posthypoxic encephalopathy are only a few of the occur- 
rences that have a common etiology in the production and 
action of oxygen-derived free radicals. 

The first chapter presents the basic biochemistry of 
oxygen free radicals and discusses the means by which the 
living organism blocks their toxic actions, whereas the 
second chapter deals with currently available means of 
assessing free radical-induced tissue damage. 

That a considerable portion of the subsequent chapters 
are devoted to pulmonary oxygen toxicity is not unreason- 
able because the lung is a target organ exposed to the 
highest partial pressure of oxygen. The text details infor- 
mation dealing not only with numerous ways in which 
pulmonary oxygen toxicity may be produced, but also gives 
information dealing with potential means of facilitating 
repair of pulmonary tissue after toxic exposure has oc- 
curred. The last few chapters deal with other phenomena in 
which free radical physiology plays a significant role. 
Among these are pathologic responses of the cerebral 
circulation such as those that occur with acute severe 
hypertension and experimental brain injury, the role of 
oxygen-derived free radicals in ischemia-reperfusion injury 
in a wide variety of organs including the central nervous 
system, gut, heart, liver and skeletal muscle, and the effect 
of oxygen radicals on the aging process. 

The manuscript is well organized with a clear summary 
at the beginning of each chapter. The illustrations are well 
done and facilitate understanding of the material presented 
in the text. This book can be read at many levels ranging 
from that of the interested practitioner who by selecting a 
few specific chapters will gain basic knowledge of a bur- 
geoning topic of investigation, to the scientist wishing to 
obtain up-to-date information on the technology and many 
exciting topics of research dealing with oxygen free radi- 
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cals. Although not always easy reading (because the topic is 
complex and requires background knowledge), the book 
will reward those who are willing to take the time to peruse 
it. 


Peter J. Cohen, MD 
Professor of Anesthesia 
University of Pennsylvania School of Medicine 
Philadelphia, PA 19104 





Anesthesiology and the Law 

J. Douglas Peters, Keith S. Fineberg, Donald A. Kroll, 
and Vincent Collins. Washington, D.C.: Health 
Administration Press, 1983, 397 pp. 


Given the increased attention to malpractice issues in both 
the lay and the medical press, this book will be of interest 
to all who interact in one way or another with patients, 
physicians, or hospitals. Although both medicine and the 
law have undergone changes in the 4 years since publica- 
tion, the book remains an excellent reference source for all 
those with an interest in the subject. Two of the authors are 
attorneys with diverse experience in the medicolegal world 
and the other two are physicians who have between them 
wice experience in both health care administration and 
anesthesiology. 

The book is divided into three parts. Part I deals with the 
general issue of liability. After outlining the dimensions of 
the malpractice problem generally and specifically in terms 
of anesthesiology and presenting a summary of the history 
of the legal theories involved, current concepts of liability, 
their relevance in the medical setting, and the elements of 
the standard medical malpractice case are discussed. The 
authors have succeeded in conveying the concepts very 
clearly, in point form, with ample discussion liberally 
interspersed with case illustrations. The remainder of part I 
is dedicated to a discussion of concepts such as vicarious 
liability, the question of nurse anesthetists, the liability of 
hospitals, and the various defenses that may be brought to 
bear in the face of a malpractice suit such as contributory 
negligence, assumption of risk, release from liability forms, 
and the statute of limitations. The final chapter in part I 
deals with the more practical aspects of malpractice litiga- 
tion. Terms such as interrogatories, complaints, deposi- 
tions, and others are explained and illustrated. 
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Part II deals with the regulation of the medical industry. 
This is an extremely complex area of the law, given the 
multitude of jurisdictions extant in the country. The au- 
thors deal with individual physician licensure, PSROs, 
specialty certification, regulation of nurse anesthetists, and 
the regulation of competing professions. The chapter on 
hospital regulation is extremely well written and should be 
of interest to all who wonder how hospitals govern them- 
selves, the nature of their corporate status and the “chain of 
command” in the hospital. JCAH standards for both hos- 
pitals in general and anesthesia services in particular are 
discussed. 

Part III deals with anesthesia practices and applies the 
principles discussed in parts I and II to anesthesiology. The 
concept of standard of care, so central to the determination 
of liability in negligence actions in general, is applied here 
to our speciality, The sources of anesthesia standards of 
care used in the text include published guidelines of the 
American Society of Anesthesiologists (ASA) interpreta- 
tions and customary practice, as written by medical au- 
thors, and appellate court reports of jury-trial decisions, 
The authors acknowledge that this section in particular will 
be controversial and that there will be those who believe 
that articulating standards of care are antithetical to the art 
of practicing medicine. However, given the fact that mal- 
practice does occur and that the courts and arbitration 
boards need guidance in coming to their decisions, some 
standards have to exist, if only for the guidance for those of 
us who want to avoid pitfalls in our practice. The creation 
of an Ad Hoc Committee on Standards by the ASA in 1985 
in part reflects this need. 

This multiauthored text is extremely well written, easily 
comprehensible, and free of overdramatization so com- 
monly seen in the legal-medicine literature. In a field in 
which law, medicine, and society often interact in an adver- 
sarial atmosphere, | found the lack of carping a refreshing 
departure from the all too frequent finger pointing that 
develops when the subject of medical malpractice arises. 

The consistent writing style, liberal use of case illustra- 
tions, and extensive bibliography are particularly useful. 
Although the authors warn against using this text as a 
substitute for competent legal counsel, the text will be of 
inestimable value as a referral and resource book for those 
involved in the practice of medicine, law, or hospital 
administration. 


William M. Gild, MB, ChB, JD 
Assistant Professor of Anesthestelogy 
Hahnemann University 

Philadelphia, PA 19102 


Anesthesiology Clinics of North America 
Volume 5, Number 1. March 1987: 

Outpatient Anesthesiology. 

Herbert D. Weintraub, and Marie-Louise Levy, eds. 
Philadelphia: WB Saunders, 1987, 274 pp, $25.95, single 
issue; $60.00, four issues. 


BOOK REVIEWS 


This issue of Saunders’ quarterly hardbound publication is 
edited by two members of the faculty of George Washing- 
ton University’s Department of Anesthesia, which has a 
long experience in outpatient anesthesia for both adults 
and children and many of the chapter authors are George 
Washington faculty members. Other acknowledged experts 
have also contributed to this volume, including Leroy D. 
Vandam, Mp, on the history of ambulatory anesthesia. 

This book demands careful reading. It contains a great 
deal of useful information, much of it learned by the 
authors during many years of caring for outpatients, and 
some of it not available anywhere else. Unfortunately, it 
also demands critical reading and evaluation of some of the 
recommendations in the light of one’s own practice and 
common sense. It is a volume which should be accessible in 
departmental or institutional libraries but will not become 
the textbook of outpatient anesthesia, a hope I held when I 
first saw the title. 

The 13 chapters are of remarkably uneven quality. Two 
are acknowledged rewrites of material that appeared else- 
where. Several others are little more than catalogs or lists of 
drugs, problems, or other “things to think about,” with 
neither interpretation nor sufficient information to be of use 
to the practitioner. References to the impending release of 
midazolam in the United States and the absence of pulse 
oximetry and end-tidal carbon dioxide monitoring in the list 
of recommended parameters raise questions about publica- 
tion delays for a volume dated March 1987. Internal incon- 
sistencies such as conflicting recommendations about the 
need for an assistant in performing a caudal block on an 
anesthetized child (pp 53, 55) and misidentified abbrevia- 
tions (e.g., MAC, maximal acceptable concentration) trig- 
ger a sense of discomfort in the reader seeking authoritative 
guidance and a better way. The reader of a specialty 
publication like Anesthesiology Clinics of North America is 
entitled to a certain amount of analysis and integration. 
Unfortunately, these are unevenly distributed throughout 
this volume. 

Several chapters discuss “how we do it,” a definite 
attraction in a book of this type. Those chapters that review 
the arguments pro and con, the information necessary to 
make an intelligent choice of anesthetic technique and then 
go on to describe a particular method are quite valuable. 
They share much more of the experts’ knowledge with the 
reader than does the straight cookbook approach. The 
chapters on pediatric anesthesia (both general and regional) 
and the chapter on regional anesthesia for adult outpatients 
are good examples of this writing (and teaching) style. 

The discussion of the outpatient management of pain is 
necessarily superficial, but it addresses one of the fastest 
growing segments of the mushrooming practice of outpa- 
tient anesthesia. Again, the information is presented in a 
clinically useful way. Other chapters include presentations 
of postoperative course and follow-up, complications, qual- 
ity assurance activities, nursing considerations, and legal 
considerations. The inclusion of sample documents from 
different institutions is valuable. 

The approach to the airway under general anesthesia 
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that is described in the chapter “Dental Outpatient Anes- 
thesia” differs from traditional practices. Many anesthesi- 
ologists would take issue with the techniques espoused. 
The authors place great stock in judgement and experience, 
but do not lead the reader through the thought processes 
necessary to acquire that judgement. 

All in all, this is a useful volume. It does not answer all 
of the questions about outpatient anesthesia, nor is the 
right answer provided for all the questions answered. 
However, this volume does bring together the acquired 
wisdom of some excellent, experienced clinicians, and 
provides those of us facing clinical problems every day with 
more information to apply to answer our own questions. 


Thomas J. Conahan III, mp 
Associate Professor of Anesthesia 

Medical Director, Day Surgery Unit 
Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 


Recovery Room Care, 2nd Edition. 


Jacob S. Israel and Thomas J. De Kornfeld, eds. Chicago: 
Year book Medical Publishers, 355 pp, $44.00. 


This is the second edition of a multiauthored book origi- 
nally published in 1979. New chapters include one on 
financial problems in the recovery room and another on the 
psychiatric implications of recovery room care. Nearly 50% 
of the book is devoted to the logistic and administrative 
aspects of recovery room care. Because of that, the book is 
heavily oriented toward administration. Nevertheless, the 
patient care aspects covered in the book are well done and 
represent typical problems in recovery room care. 

The first two chapters are a good review of the overall 
status of the recovery room and a very insightful review of 
the design characteristics of recovery rooms. The design 
chapter is particularly well written with a large amount of 
practical information regarding architectural issues. Al- 
though the section on monitoring and other equipment is a 
good review, there are two areas that should have received 
more attention. Pulse oximetry is not covered at all and the 
description of ventilating devices certainly could have been 
more thorough. 

The chapter that deals with economic issues in recovery 
room care is extremely well written and very timely. The 
chapter that discusses criteria for patient care, including 
nursing procedures and policies, contains no review of the 
factors that affect recovery from the various anesthetic 
drugs and techniques used today. The first chapter, which 
actually deals with medical aspects of patient care, is titled, 
“Emergency Diagnosis and Treatment,” and deals predom- 
inantly with acute cardiovascular problems in the recovery 
room. The next chapter is an excellent review of respiratory 
disorders except for the omission of any description of the 
use of oximetry in the detection of arterial hypoxemia. 

Thorough reviews of fluid and electrolyte balance in the 
postoperative patient's surgical care are presented. How- 
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ever, the postcardiac surgery patient is not always man- 
aged in recovery rooms. 

Psychiatric implications of recovery from surgery and 
the management of pain and delirium is the only discussion 
about pain management in the book. However, this discus- 
sion is not entirely thorough in that it fails to present all of 
the available options. For example, there is no mention of 
the use of epidural and intrathecal narcotics, which have 
received increasing use in patients recovering from anes- 
thesia. The chapters on pediatrics and neurosurgical con- 
siderations are excellent reviews. The final chapter on legal 
considerations in the recovery room is timely and relevant. 

In summary, this is a very good book whose strengths 
lie in the areas of administration and management of 
recovery rooms. Its major weakness lies in several signifi- 
cant omissions. It is an excellent addition to an anesthesia 
library and is especially useful for individuals interested in 
the design and management of a modern recovery room. 


Thomas W. Feeley, MD 

Professor of Anesthesia (Clinical) 
Stauford University School of Medicine 
Stauford, CA 94305 





Common Problems in Cardiac Anesthesia 
J. G. Reves and K. D. Hall, eds. Chicago: Year Book 
Medical Publishers, 1987, 551 pp, $46.95. 


The editors have undertaken an ambitious and demanding, 
project and have succeeded admirably, They have not only 
produced a textbook style new to the field of anesthesiol- 
ogy, but one that is very readable and informative. The 
ambitious scope of the project is indicated by the fact that 
the list of 62 authors reads like a Who's Who of cardiac 
anesthesia. 

Each individual chapter is structured beginning with a 
concisely stated clinical problem followed by an author's 
analysis of the clinical situation presented by that scenario 
and (most of the time at least) a clearly described clinical 
approach to the resolution of that problem. The final 
section of each chapter is a discussion of the pathophysiol- 
ogy of the clinical problem and the theoretical basis for the 
therapeutic approach as it was outlined. Although the vast 
majority of the chapters succeed nicely in the first three 
areas, the variation in quality of the individual contribu- 
tions is most obvious in the discussion sections. As the 
editors point out in the preface, it was difficult for some of 
the authors to commit to a single approach to the clinical 
problem. The result is that some of the authors treated their 
topics in a rather superficial fashion, almost as if saying, 
“this is how you should approach this problem because this 
is the approach that I use.” Fortunately, this appeared in a 
small minority of chapters. Much more commonly the 
authors supported their positions with appropriate refer- 
ence to experimental and clinical literature. In particular, | 
would cite the chapters by Govier, Hickey, Torpey, Buf- 
fington, and Lowenstein as exemplifying the latter ap- 
proach, although numerous others could equally be cited. 
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As might be expected in a book with as many contribu- 
tions as this, there is some overlap in the discussions. For 
example, in the section on congenital heart disease, two 
chapters have deep hypothermia as a primary focus and 
two chapters focus on problems associated with arterial air 
embolism as a consequence of cardiopulmonary bypass. 
This difficulty is, however, rather trivial because it may 
actually confer the advantage of two expert opinions relat- 
ing to the same topic. 

While this book may not be encyclopedic in its coverage, 
that was not its intent. The stated intent was to expose the 
audience “to a number of common clinical problems . . . 
not so common as to occur every day in every patient, but 
rather . . . perhaps once a week in a busy clinical practice.” 
In this goal the book is a definite success and should at least 
de available in a library that is readily accessible to any one 
who deals with cardiac surgical patients on a less than 
continuous basis. Perhaps more importantly, the book 
should definitely become part of the required reading list 
for anesthesiology trainees, particularly in the subspecialty 
area of cardiac anesthesia. The book sets a good example 
for subsequent efforts in other areas. 


Richard F. Davis, MD 

Associate Professor of Anesthesiology 
-niversity of Florida 

Gainesville, FL 32610 





Cardiac Anesthesia, 2nd Edition 
`. A. Kaplan, ed. Orlando: Grune & Stratton, 1987, 1122 
3p, $125.00. 


The first edition of Cardiac Anesthesia was written by an 
enthusiastic, motivated cardiac anesthesia group from 
imory. In the second edition, Dr. Kaplan has coordinated 
the work of many other writers. The product is a well 
ntegrated compendium of knowledge, perhaps less enthu- 
siastic than the first edition, but complete nevertheless. 

Some chapters present a well referenced body of knowl- 
2dge but lack personal conclusions on what the facts mean 
‘or the clinician, a responsibility that I think is mandatory 
‘or an expert in any field. For example, in the chapter on 
7oronary circulation, the reader is left searching for guid- 
ance as to whether certain drugs should or should not be 
ised. 

Basic pharmacology and its application to the cardiac 
datient are well covered. It is expanded in subsequent 
chapters beginning with an informative and up-to-date 
chapter on opioids. Important details have emerged in the 
dast several years and the contrast with the usual proper- 
ies of opioids is comprehensively presented. Precise and 
nformative selection of the nonopioid intravenous anes- 
thetics that are often used is easy to read. the authors’ 
anthusiastic opinion of the benzodiazepines is refreshing if 
anly to disagree with. There is little bias that is not 
resented without the opposite argument and the reader 
eaves the chapter well informed. 

Monitoring is very well covered in specific chapters but 
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also throughout the books, with many future options 
offered that may become standards. There is an excellent 
review of echocardiography. This chapter begins at the 
simplest level and with easy informational steps allows the 
uninitiated to familiarize himself with concepts that allow 
him to enter the technological advances of the past 3 years. 

A detailed chapter on preoperative considerations ex- 
pands into techniques used in definitive cardiologic evalu- 
ation. There are sets of rules to follow with check-off lists 
for completeness. This chapter is a must for policy and 
procedure committees. 

Perioperative arrythmias is one of the most comprehen- 
sive chapiers, written with uncomplicated and clear de- 
scription. Time is spent on each drug in proportion to its 
clinical importance. 

One of the mainstays of retaining a reader’s attention to 
a textbook is to give him or her the feeling of progressing. 
Good editorial selection and planning keep this book inter- 
esting. There is inevitably some overlap of topics but where 
this occurs it comes over as a reemphasis of the importance 
of that topic, assuring the reader that the repetition is for 
his or her benefit. Editorial discipline was not fully main- 
tained in the illustrations. Some are excellent and original. 
Many are, however, faint copies and are often too small to 
focus the reader's attention, especially in the complicated 
clinical figures of Volume 2. 

From a thoughtful, broader look at CABG surgery we 
next visit the world of valvular disease. This chapter is 
delightful. The English is excellent and the information so 
complete there is hardly any need to read around the 
subject. The theme of the second volume is distilled into 
this chapter: practical cardiology and its relation to anes- 
thesia. A tremendous effort went into writing the congen- 
ital disease section. There is a substantial introduction to 
the specific differences and knowledge required to under- 
stand pediatric cardiac patients. Aortic surgery is concisely 
treated and there is special emphasis on the preservation of 
spinal cord integrity. Here, as in chapters on reoperation 
and electrophysiologic procedures, the authors’ vast expe- 
rience add reality to the subject. 

Pacemakers are made understandable and, again, the 
reader is assured of a meaningful working knowledge to 
ensure his credibility in discussions about pacemakers. 
Discussion of cardiac transplantation needed to be more 
detailed. 

Experience allows the author of the cardiopulmonary 
bypass section to include useful opinions and still maintain 
objectivity with the information currently available. The 
same can be said about cardiac preservation, which com- 
plements the above chapter, with an emphasis on cardio- 
plegia. An important chapter underscoring the strategic 
position of the often ignored right ventricle shows the 
dilemma of diagnosis and treatment. Serious questions are 
explored if not answered. Circulatory assist devices are 
becoming more prominent in many cardiac anesthesiolo- 
gists’ days and nights. The various modalities are well 
described though the management implications are scantily 
addressed. 
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These two volumes should be read by all anesthesiolo- 
gists, at least in part. The implications of taking care of so 
many older patients with ever decreasing cardiac status 
should not be lost to anyone in anesthesiology. The vol- 
umes are a must for cardiac anesthesiologists, but bring 
your reading glasses because the print has approached 
microfilm dimensions. 


Michael B. Howie, Mp 

Associate Professor of Anesthesia 

Ohio State University College of Medicine 
Columbus, OH 43210-1228 





Oxygen Transport in the Critically Ill 


James V. Snyder and Michael R. Pinsky, eds. Chicago: 
Year Book Medical Publishers, 1987, 554 pp, $74.95. 


The authors state that “our goal throughout this text is to 
present the physiologic and therapeutic complexities of 
critical care in paradigms that incorporate recent insights 
and prepare the reader for the anticipated increasing focus 
on regional pathophysiology and treatment.” With this in 
mind, they have organized the book so that “the structure 
of the book is designed to encourage analysis of overall 
oxygen transport before assessment of individual compo- 
nents or focal compromise.” 

The text is divided into six parts, starting with three 
sections that review the basic physiologic concepts of 
“oxygen supply and demand,” “regulation of oxygen 
transport” by autonomic, pharmacologic and neurohu- 
moral mechanisms, and “cellular oxygenation.” The con- 
cepts are generally well explained in the text, and equa- 
tions, diagrams, illustrations, and radiographs are used 
effectively for clarification and emphasis. An index has 
been included that facilitates location of specific topics of 
interest, and references are present at the close of each 
chapter. Case reports are interspersed throughout in order 
to relate physiology to patient care and to demonstrate the 
clinical application for the concepts discussed, e.g., the 
importance of hemoglobin in oxygen transport and clinical 
conditions associated with altered oxygen consumption. 
An effort has been made to tie the chapters together and to 
avoid redundancy by cross-referencing to other chapters. 
There is occasional uneveness in writing style which does 
not, however, diminish the overall readability of the vol- 
ume. 

The next three parts are more clinically oriented and, as 
the authors state, “throughout the volume we have tried to 
present a clinical perspective informed by basic physiologic 
concepts.” These sections discuss “clinical evaluation of 
oxygen transport” by a variety of monitoring and imaging 
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techniques, “ventilatory support: Physiology and tech- 
nique,” and “circulatory support.” Controversies in the 
existing literature are presented for several topics, such as 
the clinical correlations for hemodynamic monitoring and 
the interaction of ventilatory support and changing intra- 
thoracic pressure with the failing circulation; these are 
reviewed and discussed with balanced perspective and 
reasoning followed occasionally by recommendations and 
opinions. Pulse oximetry, now routinely employed by 
anesthesiologists, is perhaps a sufficiently recent develop- 
ment to explain its absence from this text. 

This book has effectively collected information in such a 
way as to present the multifaceted interrelations between 
the eoncepts of oxygen transport and the care of the 
critically ill patient. Although these concepts may be ap- 
plied to patients being cared for by an anesthesiologist, 
there is very little direct or specific consideration of anes- 
thetic management itself of the critically ill patient. Al- 
though the emphasis is on medical inpatient rather than on 
postsurgical care, any clinician or physician-in-training 
with responsibilities for critically ill patients, whether it be 
in the operating room or in the intensive care unit, would 
find portions of the book useful for its themes and insights 
as well as worthwhile and enlightening reading. 


Linda Chen, Mp 

Assistant Professor of Anesthesia 

Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 
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Errata 


Finucane BT, Hammonds WD, Welch MB. Influence of Age on Vascular 
Absorption of Lidocaine from the Epidural Space. Volume 66, Number 9, 
September 1987, pp. 843-6. 


The authors wish to inform readers of the following: In Table 2, Cmax was 
expressed as milligrams (mg/ml), which should have been micograms 
(ug/ml). 


Snyder AR, Ilko R. Topical Nitroglycerin for Intraoperative Penile Turges- 
cence. Volume 66, Number 10, October 1987, pp. 1022-3. 


The authors wish to inform readers that in reference to the dosage of 
nitroglycerin administered IV, the units should be micrograms (ug), not 
milligrams (mg). 


Watanabe S, Sakai K, Ono Y, Seino H, Naito H. Alternating Periodic Leg 
Movement Induced by Spinal Anesthesia in an Elderly Male. Volume 66, 
Number 10, October 1987, pp. 1031-2. 


In this article, “plantar flexion” should read “dorsiflexion”; “dorsiflexion” 
should read “plantar flexion.” 


Shulman MS, Wakerlin G, Yamagichi L, Brodsky JB. Experience with 
Epidural Hydromorphone for Post-Thoracotomy Pain Relief. Volume 66, 
Number 12, December 1987, pp. 1331-3. 


The authors wish to inform readers that on page 1333, the dose of 
hydromorphone should read, “1.25-1.5 mg,” not “12.5-1.5 mg.” 









Unique metabolism: 
t 1e key to predictable control 


TRACRIUM® Injection is 
meaningfully different from all other 
neuromuscular blockers. The unique 
metabolism of TRACRIUM is inacti- 
vated in plasma by two pathways, 
Hofmann elimination and ester 
hydrolysis, that act independently of 
kidney or liver function. 


As a result, TRACRIUM 
produces no cumulative effects, 
making the onset and recovery of 
neuromuscular blockade more 
predictable. TRACRIUM offers a 
consistent pattern of response even 
with multiple reinjection or long 
periods of infusion.! All other non- 
depolarizing neuromuscular 
blockers are cumulative to some 
degree and require age-related 
adjustments. This is not the case 
with TRACRIUM.? Age-related 
differences in organ function do not 
alter the dose response curves of 
TRACRIUM, unlike pancuronium’? 
and vecuronium.‘ The lack of 
cumulative effects of TRACRIUM by 
infusion makes possible a smooth, 
steady level of surgical relaxation 
without the need for multiple 
maintenance bolus doses 
throughout a long procedure 
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Superior Predictability Means 
Superior Total Patient Care 

The superior control afforded by 
non-accumulation produces greater 
predictability. TRACRIUM increases 
your control by increasing your 
dosing options. TRACRIUM, the 
only non-depolarizing neuro- 
muscular blocker, gives you a choice 
of dosing methods: bolus injection 
or continuous infusion. Predictable, 
superior control gives you more time 
for routine, specialized and exten- 
sive patient monitoring, which can 
add to patient care. This could allow 
you — and your patients — to spend 
less time in the operating room. 


Unlike other neuromuscular 
blockers, TRACRIUM requires no 
dose adjustments to compensate for 
drug accumulation. Valuable time is 
not spent on dosage adjustments. 
Repeated equipotent doses of 
TRACRIUM, administered at equal 
intervals, have no cumulative effect 
and will not affect the time required 
for spontaneous recovery. This 
results in a smooth transition from 
operating room to recovery room. 
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Brief Summary (atracurium b esy la te) 


This drug should be used only by adequately trained individuals familiar with its actions, character- 
istics, and hazards 


CONTRAINDICATIONS: Tracriurr is contraindicated in patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It should be used 
only with adequate anesthesia 


Tracrium injection, which has an acid pH, should not be mixed with alkaline solutions (e g 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous infu- 
sion through the same needie Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may De precipitated 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine 
the possibility of substantial histamine release in sensitive individuals must be considered. Special 
caution should be exercised in administering Tracriu to patients in whom substantial histamine 
release would be especially hazardous (e.g., patients with clinically significant cardiovascular dis- 
ease) and in patients with any history (e.g.. severe anaphylactoid reactions or asthma) suggesting a 
greater risk of histamine release. In these patients, the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided doses 
over one minute 


Since Tracrium has no clinically significant effects on neart rate in the recommended dosage range 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation Asa 
result, bradycardia during anesthesia may be more common with Tracrium than with other muscle 
relaxants 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert syndrome 
or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis 


The safety of Tracrium has not been established in patients with bronchial asthma 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include 
enfiurane; isoflurane; halothane; certain antibiotics, especially the aminoglycosides and polymyxins 
lithium; magnesium salts; procainamide; and quinidine 


it other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered 


The prior administration of succinyicholine does not enhance the duration, but quickens the onset 
and may increase the depth of reuromuscular blockade induced by Tracrium. Tracrium should not be 
administered until a patient has recovered trom succityicholine-induced neuromuscular blockade 


Carcinogenesis, Mutagenesis, impairment of Fertility: A positive response was observed in the 
mouse lymphoma assay under conditions which killed over 80% of the treated cells. A far weaker 
response was observed in the presence of metabolic activation at concentrations which also killed 
over 80% of the treated cells 


Pregnancy: Teratogenic Effects; Pregnancy Category C. Tracrium has been shown to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-half the human dose. There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: |t is not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation of 
the newborn will be necessary. The possibility that forceps delivery will be necessary may increase 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, although 
small amounts of Tracrium were shown to cross the placental barrier The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during 
which a neuromuscular biocking agent has been administered. In patients receiving magnesium 
Sulfate, the reversal of neuromuscular blockade may be unsatisfactory and Tracrium dose should be 
lowered as indicated 


Nursing Mothers: It is not known whether the drug is excreted in human milk Caution should be 
exercised when Tracrium is administered to a nursing woman 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during extensive 
clinical trials. Most were suggestive of histamine release (see Precautions Section), The overal 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% 


Most adverse reactions were of little clinical significance unless they were associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed in 530 
patients, without cardiovascular disease, were as follows: in those patients given the recommended 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2 8% and 
decreased in 2.1% of patients while the heart rate increased in 2.8% of these patients. At doses of 
= 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial pressure while 4 6% 
had an increase in heart rate. At doses = 0.30 mg/kg, mean arterial pressure increased in 1 9% and 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom ot 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances 
were severe (e.g.. cardiac arrest): Musculoskeletal inadequate, prolonged block: Cardiovascular 
hypotension, vasodilatation (flushing), tachycardia, bradycardia; Respiratory: dyspnea, broncho- 
spasm, laryngospasm; Integumentary: rash, urticaria, injection site reaction 
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An exceptional tool for the 
laboraton, MAPS AND 
GUIDE TO MICRO- 
DISSECTION OF THE RAT 
BRAIN describes techniques for the dissec- 
tion. identification, and removal of brain nuclei. 


This atlas provides step-by-step instructions for each dissection procedure 
along with information on the most appropriate tools. Unlike other atlases, 
MAPS AND GUIDE TO MICRODISSECTION OF THE RAT BRAIN 
describes the size and shape of the brain nuclei, and when appropriate. 

their subdivisions. The text presents matenal directly applicable to laboratory 
practice and research, all supplemented by more than 200 halftones and line 
drawings. Neuroscientists, neuroanatomists. and physiologists will find MAPS 
AND GUIDE TO MICRODISSECTION OF THE RAT BRAIN a perfect 


laboratory manual for microdissection of the brain. 


TABLE OF CONTENTS 


l. Introduction 2. Microdissection of Brain Nuclei: 

Removal of the Brain for Microdissection / Sectioning of the Brain / Fresh Brun 

Slices } Sectioning Frozen Brains / Tools for Punching / Microdissection Needles 
Punch Technique / Determination of the Sample Size After Microdissection 

Homogenization of Microdissected Brain Tissue / Validating the Microdissection 

Method 3. Removal of Discrete Rat Brain Nuclei: 

Telencephalon | Rhinencephalon / Cerebral Cortex / Basal Ganglia / Septum 
Amygdala / Diencephalon / Thalamus / Epithalamus / Metathalamus 

Subthalamus / Preoptic Region / Hypothalamus / Mamillary Body / Mesen- 

cephalon / Pons / Cerebellum / Medulla Oblongata / Spinal Cord 

4. Maps and Indexes: 

Coronal Sections of the Rat Brain / Atlases That May Aid in the Microdissection 

of Brain Nuclei of Other Species / List of Abbreviations with English and Latin 
Nomenclature / Index of Structures with Punch Numbers / List of the Punch 
Numbers with English Names 
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ANESTHESIOLOGY: 


A CONCISE TEXTBOOK 


Edited by Thomas J. DeKornfeld, M.D. 
Professor of Anesthesiology 
Professor of Postgraduate Medicine 
and Health Professions Education 
Department of Anesthesiology 
University of Michigan, Ann Arbor 








Here in one volume, twenty-five experts in anesthesiology combine their knowledge in one 
readable authoritative source. Clinicians will find, in an easily accessible format, a complete and 
current overview of the clinical applications of anesthesiology as well as the underlying theory. 
Five major sections detail the practice of anesthesiology; anesthesia and the surgical specialties: 
anesthesia and systemic problems; anesthesiology as a specialty; and tables and formulas. 
Discussing areas not usually covered in standard texts, such as legal considerations, ethical 
questions, and economic aspects of anesthesiology, this book makes an excellent quick reference 
for the practicing anesthesiologist. 


1986 576 pages 0-444-01010-6 paper $36.00 
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IN SHORT SURGICAL 
PROCEDURES, 

AN OPTIMAL OPIOID 
ANESTHETIC FOR 


MOMENT-TO- 
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RAPID ONSET 
OF ACTION 


for prompt controlof hemodynamic response 
to surgical stimulation* 


SHORT DURATION OF 
ANALGESIC ACTION 


permits titrating to patient response 


PROMFT RECOVERY 


in short-stay procedurest 
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A PHARMACOKINETIC PROFILE 
THAT PERMITS FLEXIBILITY OF 
DOSING TECHNIQUE 


BOLUS/INCREMENTAL 
ADMINISTRATION 


for short procedures lasting up to 30 minutes 
in spontaneously breathing patients, or for procedures 
lasting 30 to 60 minutes in intubated patients 


CONTINUOUS 
INFUSION 


for procedures lasting more than 45 minutes 
in intubated patients 























*As with other opioids, hypotension and seachicarde have been reported. T 
‘As with all potent opioids, appropriate postoperative monitoring shouldbe and 
spontaneous breathing is established and maintained. 

The duration and degree of respiratory depression and increased airway resistance usually increz 
also been observed at lower doses. Because of the possibility of delayed respiratory depression, 
must continue well after surgery. Skeletal muscle rigidity is related to the dose and speed of ad 
Dosage should be individualized in each case 
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RAPID-ACTING 


Alfenta 


(alfentanil HCI) Injection Œ 
AN OPTIMAL OPIOID ANESTHETIC FOR MOMENT-TO-MOMENT CONTROL 


BEFORE PRESCRIBING, PLEASE CONSULT COMPLETE PRESCRIBING INFORMATION, OF WHICH 
THE FOLLOWING IS A BRIEF SUMMARY. 


CAUTION: Feceral Law Prohibits Orspensing Without Prescription 


DESCRIPTION: ALFENTA is a sterile, nor-pyrogenic, preservative free aqueous solution conteming alfentanil 
hydrochloride equivalent to 500 pg per mi of alfentanil base for intravenous injection. The solution, which 
contains sodium chioride for isotonicity, has a pH range of 4 0-6.0 


CONTRAINDICATIONS: ALFENTA (altentanil hydrochloride) is contraindicated in patientswith known 
hypersensitivity to the drug 


WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE 
USE OF INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OMRESPIRATORY 
EFFECTS OF POTENT OPIOIDS 

AN OPIGID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD BE 
READILY AVAILABLE 

BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING OF THE PATIENT 
MUST CONTINUE WELL AFTER SURGERY 

ALFENTA (alfentanil hydrochloride) administered in initial dosages up to 20 pg/kg may cause Skeletal 
muscle rigidity particularly of the truncal muscles. The incidence and severity of muscle rigidly is usually dose- 
related. Admimastration of ALFENTA at anesthetic induction dosages (above 130 pg/kg) will cessistently produce 
muscular rigidity with an immediate onset The onset of muscular rigidity occurs earlier than wath other opioids 
ALFENTA may produce muscular rigidity that involves all skeletal muscles, including those of me neck and 
extremities. The incidence may de reduced by: 1) routine methods of administration of neuromescular blocking 
agents for balanced opioid anesthesia; 2) administration of up to ‘Ye of the full paralyzing dosmot a neuro- 
muscular blocking agent just prior to acministration of ALFENTA at dosages up to 130 pg/kg, ‘allowing loss of 
consciousness, a full paralyzing dose o' é neuromuscular blocking agent should be administered; or 3) simulta 
neous administration of ALFENTA and æ full paralyzing dose of a neuromuscular blocking agen! when ALFENTA 
is used in rapdly administered anestheric dosages (above 130 pg/kg) 

The neuromuscular blocking agent used should be appropriate for the patient's cardiovascular status 
Adequate facilities should be available to postoperative monitoring and ventilation of patientsadministered 
ALFENTA It ts essential that these faciities be fully equipped to handle all degrees of respiratery depression 


PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTDLE, 
ARRHYTHMIAS AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE 
MONITORED CONTINUOUSLY 

General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly 
and debilitated patients. The effect of the initial dose should be considered in determining supplemental doses 
In obese patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be determined 
on the basis of lean body weight 

in one clinical trial, the dose of AL=ENTA required to produce anesthesia, as determines by appearance of 
delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patents 

in patients with compromised livar function and in geriatric patients, the plasma clearance of ALFENTA 
may be reduced and postoperative recavary may be prolonged 

Induction doses of ALFENTA should be administered slowly (over three minutes). Admamstration may pro 
duce loss of vascular tone and hypotension. Consideration should be given to fluid replacement prior to induction 

Diazepam administered immediately prior to or in canjunction with high doses of ALFESTA may produce 
vasodilation, hypotension and result in delayed recovery. 

Bradycardia produced by ALFENTA may be treated with atropine. Severe bradycardia and asystole have 
been successfully treated with atropine and conventional resuscitative methods 

The hemodynamic effects of a particular muscle relaxant and the degree of skeletal muscle relaxation 
required should be considered in the salaction of a neuromuscular blocking agent. 

Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA intusion are reduced by 30 to 50% for the first hour of maintenance 

Adminstration of ALFENTA infusion should be discontinued at leas 10-15 minutes rior to the end 
of surgery. 

espiratory depression caused by opioid analgesics can be reversed by opioid antagonssts such as 

naloxone Because the duration of resairatory depression produced by ALFENTA may last longer than the dura- 
tion of the opioid antagonist action, appropriate surveillance should be maintained As with 2 potent opioids, 
profound aneigesia ts accompanied by respiratory depression and diminished sensitivity to CD. stimulation 
which may persist into or recur in the pastoperative period Intraoperative hyperventilation may further alter 
postoperative response to CO». Approor ate postoperative monitoring should be employed, perticularly after 
infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing is esiablished and 
maintained m the absence of stimulation prior to discharging the patient from the recovery aa 

Head Injuries: ALFENTA may oascure the clinical course of patients with head injures 

impaired Respiration: ALFENTA should be used with caution in patients with pulmonery disease, 
decreased respiratory reserve or potentially compromised respiration. in such patients, opis may additionally 
decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted 
or controlled respiration 

Impaired Hepatic or Renal Function: In patients with liver or kidney dystunction, ALFENTA should be 
administered with caution due to the mportance of these organs in the metabolism and excration of ALFENTA 

Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular 
effects may be enhanced when ALFENTA is administered in combination with other CNS depressants such as 
barbiturates, tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratmy depression may 
be enhanced or prolonged by these agents. In such cases of combined treatment, the dase af one or both agents 
should be reduced. Limited clinical experience indicates that requirements for volatile inhalltion anesthetics are 
reduced by 30 to 50% for the first sixty (60) minutes following ALFENTA induction 

Periaperative administration of drugs affecting hepatic blond flow or enzyme function may reduce plasma 
clearance end prolong recovery 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term anımal studies of ALFENTA 
have been performed to evaluate carcinogenic potential The micronucleus test in female rats and the dominant 
lethal test n female and male mice revealed that single intravenous doses of ALFENTA as ‘gh as 20 mg/kg 
(approximately 40 times the upper human dose) produced no structural chromosome mutawons or induction ot 
dominant lethal mutations. The Ames Salmonella typhimurium metabolic activating testalso revealed no 
mutagenic activity. 

y Category C: Al =ENTA has been shown to have an embryocidal effect 1 rats and rabbits 
when giver in doses 2 5 times the upper human dose for a period of 10 days to over 30 days These etfects 
could have been due to maternal tomcity (decreased food consumption with increased mortality) following 
prolonged administration of the drug 

No evidence of teratogenic eects has been observed atter administration of ALFENIA in rats or rabbits 
There are no adequate and well controlled studies in pregnant women. ALFENTA showld be used during 
pregnancy only if the potential benewit justifies the potential risk to the fetus 


Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. 
Placental trancter of the drug has been reported, therefore, use in labor and delivery is not recommended. 

Nursing Mothers: in one study of nine women undergoing post-partum tubal ligation, significant levels 
of ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no 
detectable levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a 
nursing woman 

Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not 

presently avaliable 


ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscle 
rigidity, are extensions of known pharmacological effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS 
and PRECAUT ONS on the management of respiratory depression and skeletal muscle rigidity 

Delayec respiratory depression, respiratory arrest. bradycardia, asystole, arrhythmias and hypotension 
have also bee reported 

The reported incidences of adverse reactions listed in the following table are derived trom controlled and 
open clinical trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved 
treatment comparisons with fentanyl, thiopental sodium, enfiurane, saline placebo and halothane Incidences are 
based on disturbing and nond:sturbing adverse reactions reported. The comparative incidence of certain side 
affects is influenced by the type of use, eg., chest wall rigidity has a higher reported incidence in clinical trials 
of alfentanil induction, and by the type of surgery, e.g., nausea and vomiting have a higher incidence in patients 
undergoing gynecologic surgery 


Thiopental Saline 
Sodium Enflurane Halothane Placebo’ 
(N—55) (N—18) (N= 18) 
% 5 % 


ALFENTA Fentanyl 


(N—785) (N—243) (N66) 
% % % 


Gastrontesteal 
Nausea 44 14 
Vomiting 


Cardiovascular 
Bradycarcia 
Tachycaria 
Hypotension 
Hypertension 
Archythima 


Musculoskeletal 
Chest Wail 


Rigidity 
Skeletal Muscle 
Movements 


Respiratory 
Apnea 
Postoperative 
Respuatory 
Depression 
CNS 
Dizziness 
Sleepiness! 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


“From two clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 
healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were 

Laryrgospasm, bronchospasm, postoperative contusion, headache, shivering, postoperative euphoria, 
hypercarbiz, pain on injection, urticaria, and itching 

Some degree of skeletal muscle rigidity should be expected with induction doses ot ALFENTA 


DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule II controlled drug sub 
Stance that can produce drug dependence of the morphine type and therefore has the potential for being abused 


OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. No 
experience of overdosage with ALFENTA was reported during clinical trials. The intravenous LD.o of ALFENTA 
is 43.0:50 9 mg/kg in rats, 72.2-73.6 mg/kg in mice, 71.B-819 mg/kg in guinea pigs and 59.5-87.5 mg/kg in 
dogs Intravenous administration of an opioid antagonist such as naloxone should be employed as è specific 
antidote to manage respiratory depression. 

The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated tor 
hypoventilation or apnea. If respiratory depression is associated with muscular rigidity, a neuromuscular blocking 
agent may be required to facilitate assisted ar controlled ventilation. Intravenous fluids and vasoactive agents 
may be required to manage hemodynamic instability. 
DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (alfentanil hydrochloride) should be individualized 
in each patient according to body weight, physical status, underlying pathological condition, use of other drugs, 
and type and duration of surgical procedure and anesthesia. In obese patients (more than 20% above ideal total 
body weignt), the dosage of ALFENTA should be determined on the basis ot lean body weight The dose of 
ALFENTA should be reduced in elderly or debilitated patients (see PRECAUTIONS) 

Vita signs should be monitored routinely 
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DEDICATED PUMP 
FOR ALFENTANIL DELIVERY 


Designed specifically for accurate 
administration of alfentanil 


ELIMINATES TIME-CONSUMING 
CALCULATIONS 


Calculates flow rate based on infusion rate, 
patient's body weight and drug concentration 


ALLOWS INTRAOPERATIVE 
FLEXIBILITY 


Convenient rotary switches provide optimal 
flexibility for bolus or infusion doses 
SMALL, PORTABLE, 
BATTERY- OPERATED 


Incorporates audio and visual 
safety features 





BARD is a registered 
trademark of CR. Bard, Inc. ~ 


F Call 1 (800) 343-0366 or your Bard MedSystems’ 
ae Representative for more information. 


Ky See preceding page for brief summary of Prescribing 
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nual Chicago Osstetaicat ANnestHesia Meetinc N, 
16, 17, 1988- Holiday Inn, Chicago City Cen 


FACULTY-DOCTORS 


Bikhaz., Brandom, Dierdorf, Gregory, Hannallah, Kiowden, 
Lichtor, Lang, Salem, Steward 


Pediatric Anesthesia Topics: 

*Resuscitation of the Newborn 

* Neonatal Respiratory and 
Cardiovascular Physiology 

Temperature Regulation in the 
Neonate 

*Pediatric Phaimacolgy 

«Anesthetic Risks in Infants 

Preoperative Preparation of the 
Surgical Preterm Infant 

«Anesthesia for the Infant Ages One 
Month to One Year 

*Fluids and Electrolyte Therapy—The 
Neonate, Infant and Child 

*Anesthetic Problems in the Preterm 
Infant 

e Neonatal Surgical Emergencies 

Neuromuscular Blocking Drugs in 
Pediatric Anesthesia 

* Induction and Intubation Techniques 
for Infants and Children 

*Croup and Epiglottitis 

* Pediatric Cardiopulmonary 
Resuscitat on 

«Anesthesia for the Child with Cardiac 
Disease for Non-Cardiac Surgery 

«Anesthesia for Patent Ductus Ligation 

Pulmonary Dysfunction in CHD 

«Anesthesia for Correction of Cardiac 
Defects 


For Information Contact: 


Department of Anesthesiology, 
Telephone: 312/883-7035/7041. 






*Monitoring the Pediatric Cardiac Patient | 


«Hypothermia tor Correction of CHD 

e Should Succinyicholine be used in 
Pediatric Anesthesia? 

*Should Dextrose be Given 
intra-Operatively? 

*Should Postoperative Pain Retiet be 
Utilized Tunnen 

*Are There Uses For Hi 
Ventilation in Children 

Should Pulse Oximeters be used 
Routinely in Pediatric Anesthesia? 

*Should Capnography or Mass 
Spectrometry be used Routimely? 

Should the Ex-Premie Graduate be 
done as an Outpatient? 
* Blood Replacement in the Surgical 
Pediatric Patient—Current Comcepts 
*Hypotensive Anesthesia in Cnidrern— 
Current Concepts 

* Malignant Hyperthermia—Curvent 
Concepts 

*Anesthesia for the Pediatric Trauma 
Patient 

*Anesthesia for Liver Transplant 

«Anesthesia for the Child with Cold 
and URI 

*Anesthesia for Foreign Bodies in the 
Airway 

*Open Eye Injuries After a Recent Meal 
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Illinois Masonic Medical Center Presents 
Annuat Minwest Pepiataic Anesthesia MEETING 


a, . 
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Abouleish, Albright, Clark, Curran, Heyman, Joyce Ill, Lavine, 


Newman, Nimmagadda, Reisner 


Obstetrical/Anesthesia Topics: 

*Resuscitation of the Newborn 

*Principles of Perinatal Pharmacology 

* Local Anesthetics—How Do They 
Work? 

* Obstetrical Anesthesia and Uterine 
Blood Flow 

* Rational Choice of Local Anesthetics 
for Obstetrical Anesthesia 

*Choice of Vasopressors in Obstetrical 
Anesthesia 

*Drug Interactions: Obstetric 
Medication and Anesthetic Agents 

*Non-Obstetric Surgery in the 
Pregnant Patient 

«Use of Epidural and Intrathecal 
Opiates 

* Narcotic Agonists, Antagonists, and 
Receptors 

* How to Avoid Litigation in Obstetrical 
Anesthesia 

*Anesthetic Implications of Maternal 
Physiologic Changes 

*Local Anesthetic Toxicity- 
Mechanisms, Controversies, 
Treatment 

* Effect of Epidural Biocks on Fetal 
Well Being 





CLEVELAND CLINIC 


* How to Make Spinal Anesthesia Safe 


¢ Effect of Epidural Anesthesia on the 
Progress of Labor 

*Continuous Infusion Epidural Blocks 

*Management of the Wet Tap 

* Anesthesia for Cesarean Section 

¢What is Our Role in Anesthetic 
Management of the Patient with 
Pregnancy-Induced Hypertension? 

*Anesthetic Management of the 
Asthmatic Obstetric Patient 

*Contending with Amniotic Fluid 
Embolism 

What is a “Test Dose" and Do You 
Need a CV Marker? 

*Protection of the Fetus From 
Hypoxemia 

*Anesthesia for Normal Delivery 


Illinois Masonic Medical Center, 836 W. Wellington, Chicago. Illinois 
The courses are approved for 20 hours each, Category’. 








The Department of Cardiothoracic Anesthesia, Cleveland Clinic Foundation is seeking 


applications from those interested in a one-year GL-IV/V subspeciality training, encompassing 


the perioperative management of 3500 patients scheduled for all major cardiac and thoracic 


procedures. Such positions are available in July, 1988 or January, 1989. Opportunities for 


Clinical research accompany the vast clinical training. Interested candidates should write to: 
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Dr. Norman J. Starr 


Department of Cardiothoracic Anesthesia 


Cleveland Clinic Foundation 


9500 Euclid Avenue 


Cleveland, Ohio 44106 


The Cleveland Clinic Foundation is an Affirmative Action/Equal Opportunity Employer 






A comprehensive and authoritative guide to 
one of the hottest topics in anesthesiology today... 


Risk and Outcome in 


ANESTHESIA 

















Edited by David L. Brown, M.D. 


With 27 Contributors NEW 


Here it is! The first book to pull together virtually all 
that is known about risk and outcome. . . compre- 
hensive and authoritative coverage of one of the 
hottest topics in anesthesiology today. 


How authoritative? As authoritative as experts like 
David Brown, Robert Stoelting, Joseph Civetta, 
Bruce Cullen, and Robert Kirby can make it. These 
and a host of other leaders in the field—names you'll 
recognize—share their thinking with you. . . give 
you the benefit of their experience with risk and 
outcome. 


An introductory chapter provides a perspective on 
anesthetic risk through the years, especially as it 
relates to choice of today's anesthetics. The first part 
of the book, Perioperative Risk, correlates anesthetic 
decision making with organ system pathophysiology. 
In the second part, Perioperative Outcome, analysis 
of patient outcome is organized along specialty 
areas within the practice of anesthesiology including 
regional, critical care, cardiothoracic, neurosurgical, 
pediatric, obstetric, and pain subspecialties. The 
effect of hemodynamic monitoring on outcome is 
also covered. A final chapter summarizes con- 
temporary experience of medicolegal outcome 
related to anesthesiology. 


About 432 Pages. 33 Illustrations. 82 Tables. 
Available January 1988. $49.50. 


No-Risk 
Guarantee! 
If you're not completely 
Satisfied, just return the 
book(s) within 30 days 
with no obligation. 






Other important new books 
from Lippincott... 


NEURAL BLOCKADE in Clinical Anesthesia 
and Management of Pain, 2nd Edition im 
Edited by Michael J. Cousins, M.D., FFA.R.C.S.; tion. 
oot ule 0 DAAA MAC igen er 
When Neural Blockade was first published in 1980, JAMA called it. . . 
a classic book on its subject. . .’ Now in its 2nd Edition, this book is 
Still the one-volume source of the “how,” the ‘what,’ and the “why” of 
local anesthesia. ; 

New in the 2nd Edition: One-third of the 40 contributors to p 








ANESTHESIOLOGY: Problem-Oriented zyj 
Patient Management, 2nd Ecition sation! 
By Fun-Sun Yao, M.D., FA.C.A.; and natal 
Joseph F. Artusio, Jt, M.D., FA.CA. 12 Contributors 
Era e ta 


prove valuable for this purpose. . ° (AORN Jour- 
nal, Cne ist Elion) eae horog rans Wid upalna wi Miha 
new chapters on polypectomy surgery, extracorporeal 
tomy, and more. 
About 672 Pages. 24 Illustrations. 36 Tables. 
Available February 1988. $45.00. 


Gee 
a Clip and mail this convenient coupon today! Or call us TOLL FREE (USA except AK) 800-638-3030. 
In Maryland call collect 301-824-7300. 


[ m Uopnaon LLL, hippincott 5 


. B. Lippincott Company + The Health Professions Publisher of Harper & Row, Inc., PO. Box 1630. Hagerstown, MD 21741 


| Please send me for 30 days’ ON-APPROVAL EXAMINATION 
— Copylies) of Brown (65-09590) $49.50 


_ ____ Copy(ies) of Yao, 2/e (65-09657) $45.00 


er. 
_— copylies) of Cousins, 2/e (65-07198) $14950 lp ge 








Payment enclosed” (save postage & handling) 
Bill me (plus postage & handling) 
Charge it" (save postage & handling) 


MasterCard C VISA D American Express | 











| Card No. _ Expiration Date ___ 
Name "Add sales tax. Prices in US. funds and subject to change Orders subject to the approval ot Lippincott 
Professional books may be tax deductible. Offer valid in US. and Canada only. 119987 KL 
Address 
| City/State/Zip | IMPORTANT: If you are using a purchase order, please attach this order form | I 
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MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, coop- 
erative, licensed, insured professionals car- 
ing about you. Call 1-800-762-1258, 303A 
West Uintah, Suite 807, Colorado Springs, 
CO 80905. 





ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Ex- 
penses paid; partnerships usually avail- 
able. Please contact Southwest Anesthesia 
Services, PO Box 5719, Santa Fe, NM 87501. 
(505) 983-7371 





TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or small group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 


BEST ORAL BOARD PREP 

At best price. Includes mental training 
techniques for Peak Performance. Four 
practice exams. Reply Best Exam Prep. An- 
esthesia Department, 5400 Gibson S.E., Al- 
buquerque, NM 87108 (505) 262-7197. 


ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Next class 
Feb. 19-21. Two instructors. Limited class 
size. Reply: 2656 Gunckel BI., Toledo, OH 
43606 or (419) 729-6325; (419) 475-9641— 
evenings. 


ABA ORAL EXAM REVIEW IN SCOTTSDALE 
This weekend course will stimulate, chal- 
lenge, educate, and prepare candidates for 
the oral exam, using case discussions, Re- 
cent significant research articles will be 
discussed. Special separate sessions for 
FMGs with language difficulties. Limited 
class size. Call for dates and information 
(602) 264-6340. 


FREELANCE ANESTHETISTS 
Temporary and permanent—Medical Anes- 
thesiologists—-CRNAs/Home-based through- 


out the United ‘States. If you need an anes- 
thetist, call (800) 521-6750, ALL-STATES 
MEDICAL PLACEMENT AGENCY, Box 
91, LaSalle, MI 48145, or (313)241-1454 
(MI). 


MARYLAND 

Anesthesiologist BC/BE sought for three- 
member group serving mdoern 200-bed 
community hospital. Six CRNAs. 4,000 ca- 
ses/year. All surgical subspecialities except 
cardiac. Regional trauma center. Moderate 
OB. Active new outpatient surgery unit 
within hospital. Community of 25,000 in 
mountains of Western Maryland. Close to 
four-season recreational opportunities. Po- 
sition available January 1988, but will wait 
for right person. Salary first, leading to 
partnership. Send CV and references to: 
W.R. Hodges Ul, MD, Department of An- 
esthesia, Memorial Hospital and Medical 
Center, Cumberland, MD 21502. 


UNIVERSITY OF MISSOURI 
Anesthesiologists needed at Assistant and 
Associate Protessor levels. Must be Board 
certified or Beard eligible. Duties include 
patient care, resident and medical student 
teaching, and research. Positions available 
at the University of Missouri Health Sci- 
ences Center. Interested applicants send a 
Curriculum Vitae to: G. W. N. Eggers jr, 
MD, Professor and Chairman, Department 
of Anesthesiology, University of Missouri- 
Columbia, MO 65212. 


AAA ANESTHESIOLOGIST 

To confidentially explore salaried and con- 
tract positions available at our facilities in 
the U.S., repły with CV and include avail- 
ability date, licensure status, and geo- 
graphical preference. NAMA Professional 
Bldg. Suite 200, 138 East Street, Carlisle, 
MA 01741. 


ANESTHESIOLOGIST 

BE/BC needed for 200-bed modern commu- 
nity hospital in SW PA 60 miles NE of 
Pittsburgh. College town with excellent 
hunting, fishing, hiking, skiing. Young 
progressive medical staff. Anesthesia team: 
4 MDs, 9 CRNAs. Excellent future. No 
open heart, neuro. Reply to Box KK44, c/o 
Anesthesia and Analgesia, 333 Cedar Street, 
New Haven, CT 06510. 


WANT TO PASS THE ORAL BOARDS?? 
WANT TO PASS THE WRITTEN BOARDS?? 
Learn how to take the oral and written 
boards through the use of mock exams and 
individualized critiques. In this weekend 
course you will learn skills in organization, 
analysis, and flexibility necessary to excel 
in the review. Scores of anesthesiologists 
will attest to the success of this review 
course. For references and information, 
send name, address, and telephone num- 
ber to Box KK42 c/o Anesthesia and Analgesia, 
333 Cedar Street, New Haven, CT 06510 or 
call (718)727-9690. 





CALIFORNIA ANESTHESIOLOGIST 

One full-time faculty position at the As- 
sistant/Associate Professor level in expand- 
ing, young department with emphasis on 
teaching and research. Complete clinical 
services in one hospital. Prerequisites: fel- 
lowship year or equivalent training in sub- 
specialty area; board eligibility; meet Cali- 
fornia license requirements; ability to write 
scholarly articles and have a genuine com- 
mitment to inquiry. Particular attention will 
be given to those having critical care train- 
ing. Women and minorities are encouraged 
to apply. Send curriculum vitae, bibliogra- 
phy, and names of three references to John H. 
Eisele jr, MD, Anesthesiology Department, 
University of California, Davis, Medical 
Center, 2315 Stockton Blvd., Sacramento, 
CA 95817. Position open until filled but not 
later than February 29, 1988. We are an 
Equal Opportunity/Affirmative Action Em- 
ployer. 





CLASSIFIED ADS 


Anesthesia and Analgesia makes available classi- 
fied advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other 
events. Display space (minimum 1/4 page) is 
also available rough Pharmaceutical Media, 
Inc, Rates for classified advertising: $1.00 per 
word, minimum twenty words, Additional 
fee of $12.00 for box number ads. Copy dead- 
line 7 weeks prior to publication, e.g., for the 
March issue, copy should be received by the 
Ist of January, Full payment or institutional 
purchase order must accompany the copy for 
each ad. Ads received without a check or 
purchase order will be returned. Ad copy, 
subject to acceptance by publisher, should 
typed double-spaced and mailed in duplicate 
0: 


to; 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017, 
Make checks payable to Elsevier Science Pub- 
lishing Co., Inc. 
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INDIANA 

A position is available for a pediatric anes- 
thesiologist at the assistant or associate 
professor level in the Department of Anes- 
thesia, Indiana University School of Medi- 
cine. Candidates must have completed a 
specialized year in pediatric anesthesia and 
be in the examination system or board 
certified. Please send a curriculum vitae to 
Robert K. Stoelting, M.D., Professor and 
Chairman, Department of Anesthesia, 
Fesler Hall Room 204, Indiana University 
School of Medicine, 1120 South Drive, In- 
dianapolis, IN 46223. 


INDIANA 

Faculty positions are available at the Assis- 
tant and Associate Professor levels for all 
aspects of adult anesthesia including pain 
management. All candidates for these po- 
sitions must be in the examination system 
or board certified. Please send a curriculum 
vitae to Robert K. Stoelting, M.D., Profes- 
sor and Chairman, Department of Anesthe- 
sia, Fesler Hall Room 204, 1120 South 
Drive, Indiana University School of Medi- 
cine, Indianapolis, IN 46223. 


OREGON 

Oregon Health Sciences University, De- 
partment of Anesthesiology, is recruiting 
for faculty members at the Assistant and 
Associate Professor levels. Specialized year 
training or equivalent experience is re- 
quired. Specific need exists in critical care, 
pediatric, obstetrical, and cardiac anesthe- 
sia but others with strong clinical teaching 
interest and ability will be considered. Re- 
search interest and background is desir- 
able. Candidates must be eligible for Ore- 
gon Medical License. Please send C.V. and 
names of three references to Wendell C. 
Stevens, M.D., Department of Anesthesiol- 
ogy, 3181 S.W. Sam Jackson Park Road, 
Portland, OR 97201. The Oregon Health 
Sciences University is an equal opportuni- 
ty/affirmative action employer. 


MEDICAL COLLEGE OF WISCONSIN 

An opportunity exists for a bright, person- 
able anesthesiologist seeking a stimulating 
academic career. The Medical College of 
Wisconsin Department of Anesthesiology, 
an Affirmative Action Equal Opportunity 
Employer, has a teaching program with 50 
residents, over 60 staff, and seven major 
teaching hospitals. The qualified applicant 
will find numerous avenues to pursue both 
clinical and basic science research. Our 
highly competitive residency program will 
assure a stimulating teaching environment. 
The Milwaukee area offers an abundance of 
cultural and recreational activities with an 
excellent educational system. If you desire 
the benefits of a large city while in an 
environment that preserves your quality of 
life, write to us discussing your abilities 
and strengths. Please include your curricu- 


lum vitae, Address replies to: Karel J. 
Kotrly, M.D., Department of Anesthesiol- 
ogy, 5000 W. National Ave., Milwaukee, 
WI 53295. 


CHIEF ANESTHESIOLOGIST 

Vacancy exists for Board Certified or Board 
Eligible physician for the position of Staff/ 
Section Chief Anesthesiologist. This is a 
846-bed medical center which is affiliated 
with the University of Tennessee, Mem- 
phis. Eligible physicians will qualify for a 
faculty appointment. The full range of sur- 
gical procedures, including cardiac sur- 
gery, is performed. Interested physicians 
should submit their applications and Cur- 
riculum Vitae to the Chief of Staff (11), VA 
Medical Center, 1030 Jefferson Avenue, 
Memphis, TN 38104. 


SOUTH DAKOTA 

The Section of Anesthesiology of the De- 
partment of Surgery of the University of 
South Dakota is recruiting a full-time anes- 
thesiologist. An excellent research facility 
and opportunities for private practice are 
available. The salary and benefits are 
highly competitive. Closing date for receipt 
of applications is March 1, 1988 or until 
position is filled. Please forward curriculum 
vitae to Frank E. Jones, MD, Chairman, 
Search Committee, 2501 West 22nd Street, 
Sioux Falls, SD 57105. The University of 
South Dakota is an equal opportunity/affir- 
mative action employer. 


VIRGINIA 

Anesthesiologist to join MD and four 
CRNAs. Send CV to Box LL43, c/o Anesthe- 
sia and Analgesia, 333 Cedar Street, New 
Haven, CT 06510. 


INTENSIVIST 

Baltimore-Washington Area: Teaching hos- 
pital with medical school affiliations. Board 
certified/Board eligible in Anesthesiology 
and Internal Medicine with a Fellowship in 
Critical Care Medicine and/or eligible to 
take Certificate of Competence in Critical 
Care Medicine exam in one or both Boards. 
Primary responsibility will be patient care 
and teaching of medical and surgical resi- 
dents in a multidiscipline ICU. Some oper- 
ating room anesthesia, if desired. Reply to 
Box LL44, c/o Anesthesia and Analgesia, 333 
Cedar Street, New Haven, CT 06510. 





MICHIGAN 

Energetic and personable American gradu- 
ate, BC/BE anesthesiologist needed to join 
seven other anesthesiologists in a fee-for- 
service private practice. 400-plus-bed gen- 
eral hospital. All specialties with the excep- 
tion of open heart. Send C.V. to Box LL45, 


clo Anesthesia and Analgesia, 333 Cedar 
Street, New Haven, CT 06510. 


MAINE 

Excellent opportunity for BC/BE Anesthesi- 
ologist to join group practice at a 250-bed 
regional medical center in central Maine. 
Group includes four physicians and five 
CRNAs. All surgical subspecialties except 
OH. Construction program underway in- 
cludes a new six-room O.R. suite and sup- 
port facilities. Opportunity combines a pro- 
fessionally rewarding practice with a 
four-season area well known for its quality 
of life. Please reply Bax LL46, c/o Anesthesia 
and Analgesia, 333 Cedar Street, New Ha- 
ven, CT 06510. 


Anesthesiologist BC/BE 

to join group of 10 MDs with CRNAs in a 
large hospital located in a pleasant mid- 
western community on the Great Lakes. 
Busy practice covering all major surgical 
subspecialties plus respiratory/ICU in- 
volvement and minimal OB. Excellent start- 
ing salary and benefits package leading to 
early partnership. Reply to Box LL47, c/o 
Anesthesia and Analgesia, 333 Cedar Street, 
New Haven, CT 06510. 


ANESTHESIOLOGIST 

Board certified/board eligible, to join a four- 
member incorporated group with CRNAs. 
400-bed community hospital in Western 
Pennsylvania, close to large metropolitan 
areas. Excellent schools, recreational facili- 
ties, friendly community. All types of an- 
esthesia except open heart, minimal OB. 
Reply to: Box LL48 c/o Anesthesia and Anal- 
gesia, 333 Cedar Street, New Haven, CT 
06510. 


ANESTHESIOLOGIST: UPPER MIDWEST 
Tertiary care hospital. Busy heart schedule, 
neuro, pediatric, OB, anesthesia for labor. 
Active outpatient surgery. Pain Clinic. 
Must be able to work effectively as part of 
the anesthesia care team. Will be taking 
in-house call. Fellowship in Cardiac, Pedi- 
atric, OB or Pain a definite asset. Board 
Certified or eligible desired. Include CV, 
references, and photo with initial reply to 
Box LL49 c/o Anesthesia and Analgesia, 333 
Cedar Street, New Haven, CT 06510. 





ALABAMA ANESTHESIOLOGIST 
Immediate openings. Group and solo posi- 
tions open for board eligible or board certi- 
fied anesthesiologists. All types of anesthe- 
sia. Please send C.V. in complete 
confidence to: MMI, PO Drawer 7070, 
Montgomery, Alabama, 36107. 


TEXAS IMMEDIATE OPENING 

available for BC/BE MD to join three anes- 
thesiologists in 250-bed full-care facility. 
Fee-for-services practice requires compe- 
tence in open heart and OB as well as 
general anesthesia. Opportunity for early 
partnership. Send CV to: Mrs. Walton 
12121 Richmond Ave., Suite 218; Houston, 
TX 77082, or call (713) 558-0740. 


CHIEF ANESTHESIOLOGISTY AND TWO 
STAFF ANESTHESIOLOGISTS 

needed to form anesthesiology department 
of large multispecialty group providing 
care for Blue Cross/Blue Shield affiliated 
HMO as well as large FFS practice, Depart- 
ment will administer anesthesia to patients 
in local acute care hospital as well as in 
outpatient surgical suite. Excellent salary 
and benefit package. Fully paid 5/7 mal- 
practice insurance. Excellent support serv- 
ices and modern facilities. Located between 
Baltimore and Washington, D.C. in Colum- 
bia, Maryland. Abundant cultural, recre- 
ational, and academic advantages. Possibil- 
ity of teaching appointment at prestigious 
local medical school. Please direct inquiries 
to: Patuxent Medical Group, Inc., Colum- 
bia-Freestate Health System, 2 Knoll North 
Drive, Columbia, MD 21045, Attn: Human 
Resources Department. 


FLORIDA—SARASOTA 

Immediate opening for BC/BE Anesthesiol- 
ogist with interest in general O.R., O.B., 
and pain management. No open heart. 
Excellent financial package. Unique oppor- 
tunity in the city voted to have the “Best” 
beaches in the world. Must have Florida 
license. Please send reply to: Robert A. 
Hamilton, M.D., 15 Crossroads Center, 
#302, Sarasota, FL 34239, or call (813) 
921-5658. 


MASSACHUSETTS 

BC/BE anesthesiologist to join professional 
corporation of five anesthesiologists. 230- 
bed community hospital. No OB or OH. 
Excellent living and working environment. 
Write: Holyoke Anesthesia Associates, 
P.C., 535 Beech Street, Holyoke, MA 01040. 


Aan 


ANESTHESIOLOGY RESIDENTS 

Royal College Fellowship certificate hold- 
ers seeking entrance into the examination 
and certification system of the American 
Board of Anesthesiology are encouraged 
to apply for 1 year of clinical training in 
Anesthesiology at the CA-3 level at The 
University of Alabama at Birmingham. For 
further information, contact Director of 
Resident Education, Dr. James Boyce, De- 
partment of Anesthesiology, The Univer- 
sity of Alabama at Birmingham, 619 South 
19th Street, Birmingham, Alabama 35233 
(telephone 205/%34-6500). An Affirmative 
Action/Equal Opportunity Employer. 


Assistant Professor who will administer/ 
supervise/teach administration of all tech- 
niques of anesthesia to high risk patients 
undergoing sungery for cancer. Admin- 
ister/teach/supervise techniques of pain 
relief, Supervise nurse anesthetists admin- 
istering anesthesia. Teach medical and 
dental students fundamentals of anesthe- 
sia. Conduct clinical research in anesthesi- 
ology. M.D. Degree or Equivalent in Med- 
icine. Five years combined training: 1 year 
Rotating Internship, 4 years Residency/Fel- 
lowship in Anesthesiology. Five years Re- 
search, Teaching & Clinical Experience at 
the Faculty Level. Texas Medical License. 
Certified by American Board of Anesthesi- 
ology. 55+ hours/week. $120,000 annual 
salary. Contact Texas Employment Com- 
mission, Housten, Texas or send resume to 
the Texas Emptoyment Commission, TEC 
Building, Austin, Texas 78778. J.O. 
#4793489. Ad Paid for by an Equal Employ- 
ment Opportunity Employer. 


CONTINUED EXPANSION OF THE ANES- 
THESIOLOGY DEPARTMENT 

at the University of Massachusetts Medical 
Center has created a need for additional 
staff in the department. Designated as a 
regional trauma center, the University 
Medical Center also performs over 700 
open heart procedures per year. Additional 
departmental responsibilities include an 
important role in critical care and pain 
control. Please respond to Gary W. Welch, 
MD, PhD, Chairman of Anesthesiology, 
University of Massachusetts Medical Cen- 
ter, 55 Lake Avenue North, Worcester, MA 
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01655. UMMC is an equal opportunity/af- 
firmative action employer. Women and mi- 
norities are encouraged to apply. 


CALIFORNIA. 

Opening for temporary clinical/teaching 
staff Anesthesiologist at Harbor/UCLA 
Medical Center. Stepping stone to South- 
ern California opportunities. Possibility of 
additional permanent academic appoint- 
ment to faculty of UCLA School of Medi- 
cine. Competitive package. Send letter, 
C.V. with list of references to: Chingmuh 
Lee, M.D., Professor and Chairman, De- 
partment of Anesthesia, 1000 W. Carson 
Street, Torrance, CA 90509. Equal Oppor- 
tunity Employer M/F. 


WISCONSIN: MEDICAL COLLEGE OF WIS- 
CONSIN 

Department of Anesthesiology has an im- 
mediate opening for an individual with 
primary interest in critical care medicine. 
Qualifications include ABA certification or 
Board eligibility, completion of a critical 
care fellowship and Wisconsin state licen- 
sure or eligibility. Applicants should have 
strong interest in clinical teaching and pa- 
tient care. Research interest and back- 
ground are desirable. Salary and level of 
faculty position will be commensurate with 
qualifications. Interested candidates should 
send CV to: Eugene Y. Cheng, M.D., De- 
partment of Anesthesiology, Medical Col- 
lege of Wisconsin, 9200 W. Wisconsin Av- 
enue, Milwaukee, WI 53226. 


INDIANA 

A position is available for a pediatric anes- 
thesiologist at the assistant or associate 
professor level in the Department of Anes- 
thesia, Indiana University School of Medi- 
cine. Candidates must have completed a 
specialized year in pediatric anesthesia and 
be in the examination system or board 
certified. Please send a curriculum vitae to 
Robert K. Stoelting, M.D., Professor and 
Chairman, Department of Anesthesia, 
Fesler Hall Room 204, Indiana University 
School of Medicine, 1120 South Drive, In- 
dianapolis, IN 46223. 


PASS YOUR ORAL BOARDS 

Learn how! Reorganize and clarify your 
knowledge for unique questions and nec- 
essary answers. Best preparation by mail for 
oral format. Anesthesia Tutorials; Box 253, 
245 East 54 Street, New York, NY 10022. 








IARS 62nd CONGRESS 


T.H. SELDON DISTINGUISHED LECTURE 








“Anesthesia, Science and Art’ 


Monday, March 7, 1988—1:45 P.M. 
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Frank G. Standaert, M.D. 
Dean of the Medical Faculty 
Medical College of Ohio 
Toledo, Ohio 





T.H. Seldon, M.D., FFARCS (1) 


Rochester, Minnesota 
Sun City, Arizona 





Dr. Standaert is widely known for his inter- 
est in the pharmacology of the myoneural 
junction. He was Chairman of the Depart- 
ment of Pharmacology at George Washing- 
ton University in Washington, D.C. for nine- 
teen years. Since January 1986 he has been 
Dean of the Faculty of the Medical College 
of Ohio, where he also serves as professor 
of pharmacology and professor of anesthesi- 
ology. 


The |.A.R.S. is again pleased to honor Dr. 
“Harry” Seldon for his significant contribu- 
tion to advancing the art and science of the 
specialty during his long tenure as Editor of 
Anesthesia and Analgesia. 
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Central venous Catheterization’ markings at every 
has long enjoyed a positive history ` centimeter permit 
as an effective medical procedure. easier determination 

However, like any invasive pro- and documentation of 


cedure, some degree of patient catheter insertion 
risk is involved. length. 
So, to minimize those risks, Finally, Arrow 
Arrow has introduced a steady offers multi-lumen cathe- 
stream of product advancements ters in more lengths and 
and improvements in technique. more sizes than any other 
Arrow Blue FlexTip™ brings manufacturer. 
silicone rubber softness to How Arrow can help 
percutaneous insertion. improve your CVC technique. 
The exclusive radiopaque Pol We're offering you a com- 
urethane II Arrow Blue FlexTip has plete information package on 
a softer and more pliable cathet CVC. It contains journal articles, 


tip. This extra softness helps thé tip current instructions for use, and 
deflect, yet retain patency, should it instruction videos on minimizing 
inadvertently be improperly posi- complications, and more. 
tioned against the vessel wall. By being aware and 
Polyurethane II also aflds soft- informed — and by using the highest 
ness in situ to the entire indwelling quality and most technologically 
catheter for improved long-term advanced catheter products — you 
therapy. But unlike some other cath- can help avoid even the rare compli- 
eter materials, Polyurethane II does cations associated with central 







not need to be heparinized to venous catheterization. 
achieve its outstanding thrombo- Contact Arrow today for your 
resistance. free information package. Arrow 


A remove-before-use “reminder International, Inc., Hill and George 
flag” on every catheter cautiohs Avenues, Reading, PA 19610. Or 
against insertion of the catheter call toll-free: 800 523-8446 
tip beyond the right atrium. Plus (in Pa.,800 828-8327). 


Refer to package insert for current warnings, precautions, and instructions for use. 
© 1988, Arrow International, Inc 


U.S. Patent Number RE31873. Canadian Patent Number 1112553. 

sprees parents pending and issued. The Arrow-Howes™ Multi-Lumen Central 
Venous Catheter is a joint development of Randolph Howes, MD, PhD and 
Arrow International, Inc. 





Introducing the new Model 
1260 End Tidal CO, Monifor— 
it takes mainstream tech- 
nology a whole lot farther. 


The superiority of mainstream tech- 
nology in end tidal monitoring over 
side-stream-configured systems is widely 
recognized. It eliminates humidity and 
mucus plugging problems and contam- 
ination, exhausts no gas into the room, 
and speeds up response time con- 
siderably. And now, Novametrix has 
developed a new system 
which takes advantage 
of this new technology — 
and provides a lot of 
other benefits, too. 

The Mode! 1260 End 
Tidal CO, Monitor fea- 
tures a super-light, ultra-small sensor 
thats totally solid state. Unlike the sen- 
sors on other mainstream systems, it 
doesn't vibrate or heat up, providing 
greater patient comfort. And its made 
tough—won't break even if its dropped. 
Our expendable airway adapters are 
inexpensive, too. 

Check out the bold new front panel. 
A breath-by-breath capnogram contin- 
uously scrolls across the screen, and 
trend data is displayed on a second 





NOVAMETRIX Enters the Mainstream 


channel. Using simple interface cables, 
input from a pulse oximeter, NIBP moni- 
tor, or other OR monitoring systems can 
be displayed with the CO, readings—a 
total of 3 waveforms, if desired — for more 
comprehensive patient data ata 
glance. This compact unit features a CRT 
display that's visible from any angle. 
High and low alert limits are always 
visible. Sealed gas reference cells pro- 
vide a quick and easy means for check- 
ing the calibration at any time during 
monitoring. The Model 1260 is also 
equipped with a 2-hour backup battery 
for transport. 

Choose the newest 
mainstream end tidal 
technology. Then 
choose the best sys- 
tem on the market—the 
Novametrix Model 1260. 
You and your patients 
deserve nothing less. Call us toll free at 
1-800-243-3444, 

Or write Novametrix 
Medical Systems Inc., 
Barnes Industrial Park, 
PO. Box 690, Wallingford, 
CT 06492. 


NOVAMETRIX 


Please visit us at the IARS, 
Booth nos. 71 and 72 
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Wellcome 
Burroughs Wellcome Co. 3030 Cornwallis Road ables & telegrarr 
Research Triangle Park.N.C.27709 Tabloid Raleigh. N 
TWX 510927091: 
919 248-3000 
March, 1988 { 


Ne 
Burroughs Wellcome Co. has demonstrated a long-term commitment to the research and 
development of neuromuscular blocking agents as adjuncts to anesthesia starting in 1952 
and continuing with the introduction of TRACRIUM* (atracurium besylate) in 1983. 


Consistent with our goal to provide improved clinical care through research, we introduced in 
1987 an alternative option for the delivery of nondepolarizing neuromuscular blocking agents: 
Tracrium via continuous IV infusion. Continuous infusion represents a practical way to achieve 
moment-to-moment control of neuromuscular blockade without the need for repeat bolus 
dosing. 


The clinical features that have made Tracrium the most used neuromuscular blocking agent 
in intermediate-duration surgical procedures also make it practical for continuous infusion in 
intermediate-to-long surgical procedures (ie., its unique degradation pathways, Hofmann 
elimination and ester hydrolysis). 


We continue to remain active in the research and development of new neuromuscular blocking 
agents and recognize the need for the scientific presentation of results from ongoing medical 
research. Therefore, Burroughs Wellcome Co. is pleased, once again, to support the 
publication of quality research as exemplified by the abstracts submitted for presentation 
during the International Anesthesia Research Society Sixty-Second Congress, March, 1988. 


Yours Sincerely, 


Reba diode 


Richard Kent, MD 
Associate Director, Division of Clinical Research 


PS. Please see brief prescribing information following our advertisement. @ 





Unique metabolism: 
t 1e key to predictable control 


TRACRIUM? Injection is 
meaningfully different from all other 
neuromuscular blockers. The unique 
metabolism of TRACRIUM is inacti- 
vated in plasma by two pathways, 
Hofmann elimination and ester 
hydrolysis, that act independently of 
kidney or liver function. 


As a result, TRACRIUM 
produces no cumulative effects, 
making the onset and recovery of 
neuromuscular blockade more 
predictable. TRACRIUM offers a 
consistent pattern of response even 
with multiple reinjection or long 
periods of infusion.' All other non- 
depolarizing neuromuscular 
blockers are cumulative to some 
degree and require age-related 
adjustments. This is not the case 
with TRACRIUM.? Age-related 
differences in organ function do not 
alter the dose response curves of 
TRACRIUM, unlike pancuronium? 
and vecuronium.‘ The lack of 
cumulative effects of TRACRIUM by 
infusion makes possible a smooth, 
steady level of surgical relaxation 
without the need for multiple 
maintenance bolus doses 
throughout a long procedure. 






surgical muscular 
relaxation 


Superior Predictability Means 
Superior Total Patient Care 

The superior control afforded by 
non-accumulation produces greater 
predictability. TRACRIUM increases 
your control by increasing your 
dosing options. TRACRIUM, the 
only non-depolarizing neuro- 
muscular blocker, gives you a choice 
of dosing methods: bolus injection 
or continuous infusion. Predictable, 
superior control gives you more time 
for routine, specialized and exten- 
sive patient monitoring, which can 
add to patient care. This could allow 
you — and your patients — to spend 
less time in the operating room. 


Unlike other neuromuscular 
blockers, TRACRIUM requires no 
dose adjustments to compensate for 
drug accumulation. Valuable time is 
not spent on dosage adjustments. 
Repeated equipotent doses of 
TRACRIUM, administered at equal 
intervals, have no cumulative effect 
and will not affect the time required 
for spontaneous recovery. This 
results in a smooth transition from 
operating room to recovery room. 


TRAGRIUM necnon 


(atracurium besylate) 


YOU'RE IN CONTROL 
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TRACRIUM® INJECTION 


ssa (atracurium besylate) 


mary 
This drug should be used only by adequately trained individuais familiar with its actions, character- 
istics, and hazards 


CONTRAINDICATIONS: Tracrium is contraindicated n patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE 


00 NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It should be used 
only with adequate anesthesia 


Tracrium Injection, which has an acid pH, should not be mixed with alkaline solutions (e.g . 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous intu- 
sion through the same needle. Depending on the resultant pH of such mixtures, Tracrium may de 
inactivated and a free acid may be precipitated 


PRECAUTIONS: 
General: Although Tracrium is a less potent histam ne releaser than d-tubocurarine or metocurire. 
the possibility of substantial histamine release in sensitive individuals must be considered. Specaal 
caution should be exercised in administering Tracrium to patients in whom substantial histamine 
release would be especially hazardous (e.g., patients with clinically significant cardiovascular d's- 
ease) and in patients with any history (e.g., severe enaphylactoid reactions or asthma) suggestinga 
greater risk of histamine release. In these patients, the recommended initial Tracrium dose is lower 
0 3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided doses 
over one minute 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range. 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation. Asa 
result, bradycardia during anesthesia may be more common with Tracrium than with other musce 
relaxants 


Tracrium may have profound effects in patients with myasthenia gravis. Eaton-Lambert syndrome, 
or other neuromuscular diseases in which potentiation of nondepolarizing agents has been notes 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients, Similar precautions should be taken in patients with severe electroly2 
disorders or carcinomatosis 


The safety of Tracrium has not been established in patients with bronchial asthma 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include: 
enflurane; isoflurane; halothane; certain antibiotics, especially the aminoglycosides and polymyxins: 
lithium; magnesium salts; procainamide; and quinidine. 


lf other muscle relaxants are used during the same procedure, the possibility of a synergistic ør 
antagonist effect should be considered 


The prior administration of succinylcholine does not enhance the duration, but quickens the onsat 
and may increase the depth of neuromuscular blockade induced by Tracrium. Tracrium should not be 
administered until a patient has recovered trom succinylcholine-induced neuromuscular blockade 


Carcinogenesis, Mutagenesis, Impairment of Fertility: A positive response was observed in the 
mouse lymphoma assay under conditions which killed over 80% of the treated cells. A tar weaker 
response was observed in the presence of metabolic activation at concentrations which also killed 
over 80% of the treated cells 


Pregnancy: Teratogenic Effects: Pregnancy Category C. Tracrium has been shown to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-half the human dose. There are 
no adequate and well-controlled studies in pregnent women, Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: It is not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation et 
the newborn will be necessary. The possibility that forceps delivery will be necessary may increase 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, although 
small amounts of Tracrium were shown to cross the placental barrier. The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during 
which a neuromuscular blocking agent has been administered. In patients receiving magnesium 
sulfate, the reversal of neuromuscular blockade may be unsatisfactory and Tracrium dose should be 
lowered as indicated 


Nursing Mothers: It is not known whether the drug is excreted in human milk, Caution should be 
exercised when Tracrium is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not beer 
established 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during extensive 
clinical trials. Most were suggestive of histamine release (see Precautions Section). The overai’ 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% 


Most adverse reactions were of little clinical significance unless they were associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed in 530 
patients, without cardiovascular disease, were as follows: in those patients given the recommende® 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2.8% and 
decreased in 2.1% of patients while the heart rate increased In 2.8% of these patients. At doses cf 
= 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial pressure while 4.8% 
had an increase in heart rate. At doses = 0.30 mg/kg, mean arterial pressure increased in 1.9% and 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom ot 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances 
were severe (e.g., Cardiac arrest); Musculoskeletal: inadequate, prolonged block; Cardiovascular 
hypotension, vasodilatation (flushing), tachycardia, bradycardia: Respiratory: dyspnea, broncho 
spasm, laryngospasm:; /ntegumentary; rash, urticarie, injection site reaction 


‘Payne J: ore in Katz R (ed): Muscle Relaxants: Basic and Clinical Aspects. Orlando, Grune 


Stratton, 1984 
A 'Hollander A, a C. Bravis L: Clinical evaluation of atracurium siut. uirement for a 
stable muscle relaxation during surgery: Lack of age-related effects. Anesthesia ;59:237 -240 


Duvaldestin P Saada J, Berger JL, et al: Pharmacokinetics, a a a dose response 
felationships of pancuronium in control and elderly subjects. Anesthesia 1982:56:36- 40. 

d'Hollander A, Massaux F, Nevelsteen M: Age-dependent dose-response relationship of Org NC45 
in anesthetized patients. Br J Anaesth 1982:54:653-657. 
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TRACRIUM® Injection is 
uniquely designed to eliminate 
the possibility of drug accumula- 
tion.! TRACRIUM permits a 
more predictable neuromuscular 
blockade, regardless of patient 
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The Added Value of 
Non-Accumulation 


Equipotent doses administered at 
equal intervals provide a 
consistently predictable dose 
response within a given patient. 
Rapid and spontaneous recovery 
occurs even after multiple re- 


100 age, organ function, or duration injection or long periods of 
80 of surgery. This predictability continuous infusion.? Recovery 
6 affords greater control, and thus, from muscle paralysis is 
0 improved patient care. predictable and respiratory 
40 TRACRIUM is not dependent on inadequacy from residual 
20 liver or renal function for blockade is minimized, allowing 
termination of action. This a smooth, predictable transition 
0 unique metabolism ensures the to recovery. 
absence of cumulative effects, 
even in those with compromised TRACRIUM by infusion may 
kidney or liver function. translate into more time you can 
devote to specialized and 
Predictable Control extensive monitoring of your 
Every Step of the Way patients. This is the key to greater 
Unlike other neuromuscular control of muscular blockade and 
blockers, TRACRIUM requires greater predictability throughout 
no dose adjustments to compen- the entire procedure. 


sate for drug accumulation. 
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TRACRIUM® INJECTION 


(atracurium besylate) 
Brief Summary 


This drug should be used only by adequately trained individuals familiar with its actions, character- 
stics, and hazards 


CONTRAINDICATIONS: Tracrium s contraindicated in patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE 


00 NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It should be used 
only with adequate anesthesia 


Tracrium Injection, which has an acid pH, should not be mixed with alkaline solutions (e.g 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous intu- 
sion through the same needle. Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may b precipitated 


PRECAUTIONS: 

General: Although Tracrium is a ‘ess potent histamine releaser than d-tubocurarine or metocurine 
the possibility of substantial histamine release in sensitive individuals must be considered. Special 
caution should be exercised in edministering Tracrium to patients in whom substantial histamine 
release would be especially hazardous (e.g.. patients with clinically significant cardiovascular dis- 
ease) and in patients with any history (e.g.. severe anaprylactoid reactions or asthma) suggesting a 
greater risk of histamine release. In these patients, the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided doses 
over one minute 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation. As a 
result, bradycardia during anesthesia may be more common with Tracrium than with other muscle 
relaxants 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert syndrome 
or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis 


The safety of Tracrium has not been established in patients with bronchial asthma 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include 
enflurane; isoflurane; halothane; certain antibiotics, especially the aminoglycosides and polymyxins 
lithium; magnesium salts; procainamide; and quinidine 


If other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered 


The prior administration of succinyicholine does not enhance the duration, but quickens the onset 
and may increase the depth of neuromuscular blockade induced by Tracrium. Tracrium should not be 
administered until a patient has recovered from succinyicholine-induced neuromuscular blockade 


Carcinogenesis, Mutagenesis, Impairment of Fertility: A positive response was observed in the 
mouse lymphoma assay under conditions which killed over 80% of the treated cells. A far weaker 
response was observed in the presence of metabolic activation at concentrations which also killed 
over 80% of the treated cells 


Pregnancy: Teratogenic Effects: Pregnancy Category C. Tracrium has been shown to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-half the human dose. There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: |t is not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation of 
the newborn will be necessary, The possibility that forceps delivery will be necessary may increase 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, although 
small amounts of Tracrium were shown to cross the placental barrier. The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during 
which a neuromuscular blocking agent has been administered. In patients receiving magnesium 
Sulfate, the reversal of neuromuscular blockade may be unsatisfactory and Tracrium dose should be 
lowered as indicated 


Nursing Mothers: It is not known whether the drug is excreted in human milk. Caution should be 
exercised when Tracrium is administered to a nursing woman 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during extensive 
clinical trials. Most were suggestive of histamine release (see Precautions Section). The overall 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% 


Most adverse reactions were of little clinical significance unless they were associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed in 530 
patients. without cardiovascular cisease, were as follows: in those patients given the recommended 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2.8% and 
decreased in 2.1% of patients while the heart rate increased in 2.8% of these patients. At doses of 
= 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial pressure while 4 8% 
had an increase in heart rate. At doses = 0.30 mg/kg, mean arterial pressure increased in 1,9% and 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom ot 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances 
were severe (e.g.. cardiac arrest); Musculoskeletal: inacequate, prolonged block: Cardiovascular 
hypotension, vasodilatation (flushing), tachycardia, bradycardia; Respiratory: dyspnea, broncho- 
spasm, laryngospasm:; /ntegumeatary: rash, urticaria, inection site reaction 





"Hughes R: Atracurium: An Overview. Br J Anaesth 1986 58:25-45 
Payne J: Atracurium, in Katz R (ed): Muscle Relaxants: Basic and Clinical Aspects. Orlando, Grune 
& Stratton, 1984, p 98 
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INTRAOPERATIVE PROCESSED EEG AND OUTCOME RESPONSES DURING CARDIOVASCULAR BYPASS PROCEDURES 


D Adcock, M.D., MS Albin, M.D., M.Sc.(Anes.), J Monts, MD., R.R. Ritter, M.D. 


Affiliation: Department of Anesthesiology, University of Texas Health Science Center at San Antonio, 


7703 Floyd Curl Drive, San Antonio, Texas 


Introduction: Neurological and behavioral 
dysflinction following extracorporeal circulation for 
cardiovascular procedures has been described after 
surgery for valvular and congenital defects and 
coronary artery bypass grafts (CABG). The neuro- 
logical complications have involved encephalopathy, 
stroke, altered mental states, and peripheral neuro- 
pathy, with incidence rates ran, ing from 3.8%-16%. 

‘he Sloctroenoephalogran (EEG) has been a useful 
tool in helping to detect the time of onset of 
intraoperative, intracranial ischemic changes, but 
has been limited in its use as a routine monitoring 
tool because of cost and the need for technical help 
and a proficient electroencephalographer. Recent 
advances in the development of the processed EEG 
have given us the opportunity to simplify the 
monitoring procedure with relatively inexpensive 
equipment that generates hard copy and does not 
necessitate an adjunct of technical and professional 
personnel. The aim of this retrospective study is 

o evaluate the intraoperative EEG in a_ series of 
patients with open heart procedures for valvular and 
coronary artery disease and to determine the effects 
of these responses on immediate outcome.. 

Materials: Informed consent was obtained for 
all patients in this retrospective study. During 
the past two years, 103 patients having open hear 
surgery were monitored usin the processed EEG for 
valvular, CABG and combined CABG~Carotid endarterec 
tomy (CEA) and they are the subjects of this study. 
We used a commercially available EEG monitor 
(Neurotrac ) with compressed spectral array 
capability (CSA). This unit presents two channels 

EEG-CSA data (left and right cerebral 
hemispheres) recorded from the placement of five 
electrodes. The reference electrode is placed in 
the middle of the forehead close to the hairline; a 
positive (+) electrode of each channel positioned 

ign on each side of the forehead against the 
hairline; and the negative electrode (-) of each 
channel attached immediately above the ear or behind 
the ear on the mastoid bone. Anesthesia consisted 
of high, dose fentanyl, diazapam, pancuronium, 
isoflurane, enflurane, or halothane and oxygen-air, 
Prior to induction, the EEG-CSA unit was connected 
to the patient and frequent. discontinuous EEG 
samples aken throughout the surgical procedure. A 
neurological assessment was made upon emergence from 
anesthesia and compared to the preoperative baseline 
evaluation. All patients were males ranging in ages 
from 44-72 years. 

Results: EEG-CSA changes were noted in 6 of the 
102 “patients (5.8%). In Case 1, symmetrical EEG 
activity persisted during a 30 minute period of 
successful CPR after coming off bypass. Case 2 
started generalized tonic-clonic seizure activity 
after 1.5mg of fentanyl and this abated with 10.0mg 
of intravenous diazepam. The patient in Case 3 
showed a loss of  EEG-CSA activity in the left 
herisphere shortly after going on cardiopulmonary 
bypass. It was noted hat the head was severel 
turned to the left. eo the head in a neutra 
position returned the EEG-CSA activity to normal. A 
decrease in the power spectrum of the right hemi- 
sphere EEG was noted prior to right carotid 
endarterectomy (CEA) in Case 4 which did not 
Significantly change after the CEA. During the 
period of cardiopulmonary bypass however, the right 
side improved and matched e power spectrum of the 
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left hemisphere. After bypass the EEG- CSA 
activity again decreased to the preoperative and 
Post-CEA level. The patient in Case 5 suffered a 
rapid loss of left hemispheric EEG-CSA activity 
during a head extension maneuver for laryngoscop 

which abated after placing the head in a neutra 

position. This individual had a history of 
vertebrobasilar artery rere a In Case 6 
there was a marked decrease in the EEG-CSA activity 
of the right hemisphere after aortic unclamping and 
coming off by pass that persisted till the end of 
the procedure. The patient developed a left 
paraparesis that cleared after three days. 

i ion: While only one of six cases showed 
a direct impact of the EEG-CSA findings on outcome, 
the five others reported indicate the sensitive 
versatility of this monitoring mode to alert the 
Anesthesiologist and Surgeon as to the potential 
harbingers of cerebral ischemia. Conversely, the 
EEG-CSA can also demonstrate that an intracranial 
insult probably did not occur as was noted in Case 
1, where CPR was obviously effective in perfusing 
brain for a period of 30 minutes as was also 
demonstrated by the good outcome, Head positioni 
(Cases 3 and 5), may be an occult cause of cerebra 
ischemia, espeotally with the older age groups being 
candidates for these extracorporeal procedures. 
Flexion, extension, and rotation cf the head may 
cause vertebral artery compression secondary to 
impingement by the bony canal and osteophytes, by 
atlantoaxial subluxation, or by constriction by 
the longus colli and scalenus muscles. Cadaver 
studies have shown that when the head is turned 
60° , flow diminishes in the contralateral vertebral 
artery an ceases altogether at about 809 . 
Anesthetic agents and ad jbvants ir -themselves may 
impact upon cerebrovascular dynamics as can be noted 
by the seizure activity following the high 
dose-fentanyl induction.. The paralyzed patient 
would not manifest the muscle twitching seen with 
seizure activity. Enflurane, having epileptogenic 
properties, may produce unwitnessec occult seizures 
under these conditions. Embolization of cholesterol 
can occur during aortic cross-clamping and air 
emboli may be released by improper cannulation and 
pump-oxygenator operation. Similarly, left ventric- 
ular mural thrombi have been implicated causing a 
twofold increased risk of stroke in open heart 
surgery. In case 6, we think it is possible that 
the right EEG-CSA changes seen after release of the 
aortic cross-clamp, Ollowed by the transient left 
parapárest3; was caused by air. 

e feel that this type of an EEG modality is a 
relatively easy and practical means of routinely 
monitoring intraoperative cerebral function, enabl- 
ing the Anesthesiologist to evaluate moment to 
moment electrophysiological changes. 
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itroduction. 

Outpatient general anesthesia for oral surgery 
resents a unique challenge for respiratory moni- 
ring. Patients are often not intubated and com- 
ynly experience periods of hyper- and hypoven- 
ilation. Airway obstruction, apnea, and laryn- 
yspasm, may occur easily end patients often move 
id vocalize du~ing surgery. Since hyoxemia is the 
-imary cause of morbidity and mortality during 
resthesia, an accurate, continuous, and noninvasive 
nitor of oxygenation is critical. 

Pulse oximetry has been shown to be accurate 
ider steady state conditions. Pulse oximetry has 
2en reported to be useful during dental anesthesia, 
ıt accuracy under these rigorous conditions (non- 
seady state) has not been assessed. The purpose of 
lis study was to assess the accuracy of pulse oxi- 
try during outpatient general anesthesia for oral 
irgery. We evaluated and compared the accuracy of 
yur pulse oximeters availabie at the time of begin- 
ing the study. The oximeters evaluated were the 
211cor N-100 (Nellcor Inc., Hayward, CA), the 
meda 3700 (Ohmeda, Boulder, CO), the Novametrix 
rdel 500 (Novametrix Medical Systems, Wallingford, 
[), and the Bird 4400 portable pulse oximeter (Bird 
“oducts Corp., Palm Springs, CA). 


athods. 

Twenty ASA I and II patients who required re- 
al of third molars and who desired general 
xesthesia were selected (age:25.4 + SD 8.7 yrs.). 
1 institutionally approved informed consent was 
ytained for each patient. Patients received seda- 
ion with midazolam (2.5-5mg) and fentanyl (0.05- 
,lmg) by i.v. titration. A radial artery catheter 
is then placed. The finger probes for the four 
ilse oximeters were then placed in a random fashion 
1 the fingers of the hand containing the arterial 
ine and shielded from each other with gauze. A 
iseline (sedated) arterial blood sample was then 
sawn, followed by placement of a nasal oxygen hood, 
id 100% oxygen administered. A second blood sample 
is obtained using methohexital (1-1.5mg/kg) and 
1intained with intermittent boluses of 10-30mg as 
2eded, Nitrous oxide in oxygen (30-50%) was 
iministered initially. Arterial blood samples were 
ytained for analysis of measured hemoglobin satur- 
sion by a IL282 CO-Oximeter at 5 minute intervals 
iring anesthesia and any time a desaturation of 
neater than 5% occurred. In an attempt to avoid 
taining samples which were all in the hyperoxic 
ange, the nasal oxygen hood was removed at a point 
semed to be the half way point in the surgery and 
ie patient allowed to breathe room air. Any time 
ignificant arterial desaturation occurred and per- 
isted for mora than a few seconds, oxygen was 
iministered, 


asults. 

A total of 122 arterial blood samples were ob- 
ained over a range of observed Sa0, of 70-100%. 
amples were analyzed with an IL282 CO-Oximeter for 
aasured saturation (Sa0,), carboxyhemoglobin, 
atheglobin, and total hemdglobin. Methemoglobin 
anged from 0.0-0.7%. Carboxyhemoglobin ranged from 


0.1-6.2% (four smokers were included). To determine 
the accuracy for each pulse oximeter, the observed 
Sa0,, values were used as the dependent variable (y) 
and” compared to the in-vitro measured Sa0, (CO-Ox) 
as the independent variable (x), and expressed as the 
least squared linear regression. 

The Bird 4400 portable pulse oximeter proved to 
be the most accurate as it reliably predicted 
arterial saturation under these conditions (y=1.03x - 
2.8, r=0.85). The Novametrix model 500 and Nellcor 
N-100 pulse oximeters also demonstrated a high degree 
of accuracy by linear regression analysis (y=0.97x + 
2.8, r=0.80) and (y=1.05x -4.1, r=0.84) respectively. 
In contrast, regression analysis of the observed 
saturations obtained with the Ohmeda 3700 pulse 
oximeter revealed that this unit significantly 
pas tle arterial saturation (y=1.20x - 19.6, 
r=0.83). 


Discussion, 

“Accuracy is best evaluated by examining the 
values of the slope and y intercept in the line 
equation obtained by least squared linear regression 
analysis. Perfect accuracy would be indicated by a 
slope of 1.0 and a y intercept of 0. Also, the 
equation can be used to calculate how well a unit 
would predict Sa0, (y value) for a given x (Sa0,). 
When our data are’ used for an Sa0, (x) of 50%, the 
Bird unit underestimated Sa0, by 4.3% (48.7%), the 
Nellcor unit by 1.6% (48.4%7, the Novametrix unit 
overestimated Sa0, by 1.3% (51.3%), and the Ohmeda 
3700 underestimated the Sa0, by 9.6% (40.4%). If 
3-4% is considered a signifi¢ant error in estimating 
arterial saturation, the Ohmeda 3700 puise oximeter 
is the only unit that produces significant error at 
50% Sa0,. 

Previous studies have reported accuracy of the 
Nellcor K-100 under steady state conditions with a 
high correlation coefficient (y=1.21x - 19.1, 
r=0.98)". A recent study of the accuracy of the 
Ohmeda 3700 with the version J software (the unit we 
tested) reported that the unit significantly under- 
estimated arterial saturation under steady state con- 
ditions (y=1.21x - 19.1, r=0.98)°. The correlation 
coefficient indicates how closely the data points 
fall around the regression line ("data spread"). It 
is not surprising that the correlation coefficients 
obtained in this study during outpatient anesthesia 
for oral surgery are lower than those reported under 
steady state conditions. 

This study demonstrates that despite the rigorous 
conditions imposed by outpatient general anesthesia 
for oral surgery, the Nellcor, Bird, and Novametrix 
pulse oximeters tested were all linearly accurate in 
predicting arterial oxygen saturation over the range 
of 70-100%. The Ohmeda 3700 pulse oximeter was found 
to significantly underestimate arterial saturation. 
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Introduction. Epilepsy brings about certain 
problems in the parturient patient however, the com- 
plications of this disease as far as the anesthetic 
management have not been defined. In ar. attempt to 
scrutinize the factors determining anesthesia re- 
lated complications, a retrospective review of epi- 
lepzic parturient patients requiring anesthesia was 
done. 

Methods. The medical records of 100 obste- 
tric patients with a diagnosis of epilepsy, who were 
admitted for delivery and/or tubal ligation at Magee 
Women's Hospital, between 1972 and 1981 were reviewed. 
The diagnosis of epilepsy was made by the neurology 
service after conducting clinical examinations and 
laboratory tests. Factors such as age, gravida, 
parity, gestational age, abortion rate, type of sur- 
gery, type of anesthesia and Apgar scores were exam- 
ined 1. The results were analyzed for any degree of 
statistical significance. 

Results. The mean age of the patients was 
26.17 (S.D.+ 6.54). Their gravidity was 2.658 
(S.D.+ 0.1731) and the mean abortion rate was 1,354 
(S.D.+ 0.114) for a total number of 119 abortions 
(some patients had more than one abortion). The mean 
gestational age was 39.213 (S.D.+ 0.272) weeks; 74 
patients had vaginal delivery, 13 patients had cae- 
sarean sections, 13 other patients had tubal liga- 
tions and D&C. Nineteen patients received general 
anesthesia, 48 patients had spinal anesthesia, 19 
other patients received epidural anesthesia and 2 
others had caudal blocks, while 12 patiants deliver- 
ed with pudendal blocks. The Apgar score in 77 cases 
was 8-10 and in 10 cases 4-7. The mean weight of the 
babies was 3.282 (S.D.+ 57.73)kg. Thirty five pa- 
tients were taking a combination of phenobarbital 
and phenytoin, 15 patients received carbamazepine, 
clonazepam, ethosuximide, acetazolamide, valporic 
acid and mephobarbital, 15 patients were taking pri- 
midone. Thirty five patients were not on any anti- 
convulsants during pregnancy. Seizures were ob- 
served in five patients during the post partum per- 
iod (table 1). One patient who had enflurane anes- 
thesia developed focal seizures on the third post 
partum day. Four patients had seizures after spinal 
anesthesia (two in R.R. and two on the second post 
partum day). No seizures occurred in patients who 
had either epidural or caudal anesthesia. Ten pa- 
tients had babies with congenital malformations, 
including two fetal demises (table 2). 

Discussion. The major concerns in the preg- 
nant epileptic are loss of seizure control and the 
possible teratogenic effects of anti epileptic drugs 
on the fetus 2. During pregnancy, the requirements 
of anticonvulsant drug therapy change such that 
strictor control of epilepsy is important in de- 
creasing the incidence of morbidity. Since most of 
the convulsions occurred in patients receiving 
spinal anesthesia (8%), it remains to be determined 
whether alteration of CSF dynamics may favor the 
eventual occurrence of seizures in epileptic pa- 
tients. The absence of seizures in patients receiv- 
ing epidural blocks suggest that this form of anes- 
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thesia should not be denied to the pregnant epilep~ 
tic patient, provided the seizure disorder is under 
control. The incidence of congenital malformations 
seen in these patient's infants was 11.5%. Five 
were major; of these three were associated with un- 
controlled epilepsy during pregnancy. This inci- 
dence of congenital malformations is almost twice 
the rate of malformations noted in the general popu- 
lation. Epileptic women undoubtedly constitute a 
high risk group in need of special attention during 
pregnancy and special care during labor and delivery. 
References. 
1. Knight AH, Rhine EG: Epilepsy and Pregnancy: 
A study of 153 pregnancies in 59 patients. 
Epilepsia 16:99-110, 1975. 
2. Montouris GD, Fenichel GM: The pregnant epilep- 
tic: A review and recommendations. Arch Neurol 
36:601-603, 1979. 


TABLE 1 


DATA ON PATIENTS THAT CONVULSED 





Hf MEDICATION TYPE OF SEIZURE 
AGE EPILEPSY DURING PREG. PROCEDURE & TIME OF OCCUR, ANES, 
27 4 MONTHS VALPROIC ACID POST PARTUM FOCAL SEIZURE Gà. 
250 MG BID TUBAL LIG. III DAY 
25 12 YEARS P 60 MG BID REPEAT PSYCHO-MOTOR SPINAL 
D 200NG BID C-SECTION & PETITMAL 
M 250MG BID POST PAR. II DAY 
26 9 YEARS P 30 MG VAG. DEL. GRAND MAL. SPINAL 
RECOV. RM. 
25 9 YEARS P 60 NG VAG. DEL. POST PARTUM SPINAL 
GRAND MAL. 
RECOV. RM. 
36 20 YEARS NO MEDS. VAG. DEL. P.P. SPINAL 
GRAND MAL. 
2 DAY 
TABLE 2 
CONGENITAL ABNORMALITIES NOTED 
MATERNAL AGE AT ONSET MEDICATION OCAR 
SEX DEFECT AGE OF EPILEPSY TO MOTHER OBSERVATION SCORES 





F ABSENCE OF 1ST 22 10 P 120MG + 60 BREECH 7-9 
TOE RT. FOOT D 100MG TID FETAL DISTR. 
M 2SOMG BID C-SECTION 


M CLOSING PDA 32 ll CARBAMAZEPINE BREECH 8-9 
HEART MURMUR TID 
M SHORT FRENTE 21 9 PIG PILONOIDAL 8-9 
TONGUE SINUS 
M BIL CLEFT LIP 27 20 D 100 APGAR 
& BIL. CLEFT M 250 BID 9-9 8-9 
PALATE 
M CHF AORTIC 28 22 P 30 TID FETAL DEATH 
ATRESIA PDA D 100 TID 4TH DAY 6-8 
INOPERABLE CARBAMAZEPINE 400 
UNCONTROLLED 
EPILEPSY 
F FRANK BREECE 33 2 ACETAZOLAMIDE PREMATURITY 
ABNORMAL ETHOSUXIMIDE MILD RDS 5-7 
FASCIES UNCONTROLLED FETAL DISTR. 
WEBBED NECK EPILEPSY POST-OP 
MICRO CEPHALY C-SECTION 
SIDS 
APGAR 5-7 
F MILD MICRO 29 12 PRIMIDONE HEART MURMUR 
CEPHALY UNCONTROLLED PREMATURITY 8-9 
EPILEPSY 
WITHDRAWAL 
GTH DAY 
M BIL. SKIN TAGS 31 28 - - 3-9 
OK LITTLE FINGER 
M MENINCO 36 16 _ - 4-8 
MYELOCOELE 
CONGENITAL 
HYDROCEPHALOUS 


BIL. CLUB FEET 
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INTRODUCTION The dopamine 1(DA1) receptor agonist, RESULTS Baseline MAP approximated 95+11 mmHg. 


‘enoldopam (FDF), decreases systemic blood pressure and 
ncreases renal blood flow and sodium excretion in humans and 
-xperimental animals.1:2 The natriuresis induced by FDP 
suggests that it might play a unique role for deliberate 
1ypotension during general anesthesia. We investigated the 
iemodynamic and renal vascular effects of FDP and sodium 
ritroprusside (SNP) induced hypotension in dogs receiving 
ialothane general anesthesia. 


METHODS _ Eight adult unpremedicated male mongrel dogs 
weighing 10-25 kg were studied. Anesthesia was induced using 
ntravenous surital 15-25 mg/kg. Endotracheal intubation was 
yerformed and anesthesia was maintained with 1% end tidal 
ialothane, 60% N20 and 40% O72, The animals were ventilated 
with an Air Shields Anesthesia Ventilator. End tidal CO7 
Engstrom Emma) and end tidal halothane (Puritan-Bennett End 
Tidal Agent Analyzer) were maintained at 35 mmHg - 40 mmHg 
ind 0.8 - 1.0%, respectively. The left carotid artery was 
-annulated and the systolic and dizstolic blood pressure were 
‘ecorded on a continuous strip recorder. A Swan-Ganz catheter 
was positioned in the pulmonary artery. Pulmonary capillary 
wedge pressure (PCWP) was maintained at 8-12 mmHg with 
nfusion of 0.9% normal saline through a large bore peripheral 
ntravenous catheter. EKG and pulmonary artery blood 
emperature were monitored; the latter was maintained at 36- 
37°C using humicified gases and a heating blanket. Through a 
lank incision, an electromagnetic pulse doppler flow probe was 
secured around the left renal artery with care to avoid vessel 
constriction. Thirty minutes after completion of the surgical 
separation, baseline measurements were obtained. The dogs 
were randomly grouped to receive either FDP followed by SNP 
or vice versa. After steady-state conditions were achieved, FDP 
or SNP was administered via infusion to produce a mean arterial 
oressure (MAP) or 60 mmHg for 15 minutes. The infusion was 
urned off and steady state parameters were established again 
ifter 15 minutes. Next, the remaining drug was infused until a 
MAP of 60 mmHg was again achieved, and then maintained for 
[5 minutes under otherwise identical conditions. The infusion 
vas then discontinued, and baseline parameters were 
established. This sequence was repeated again for both SNP 
ind FDP infusions in each dog. Renal blood flow (RBF), heart 
ate (HR), systolic and diastolic arterial blood pressure (SBP 
md DBP), cardiac output (CO), and PCWP were recorded at 
rach baseline state as well as after infusion of both SNP and 
“DP. MAP was calculated as 1/3(SBP-DBP)+DBP and renal 
rascular resistance(RVR) as RBF/MAP. For each variable, the 
»ercent change fro:n baseline was calculated and the absolute 
values recorded for infusion of both SNP and FNP. Values for 
SNP vs FDP were compared using a paired T-test with p<.05 
-onsidered statistically significant. 


Hypotension was easily obtained in all eight dogs using both 
SNP or FDP. The absolute values for MAP; 69+5 (FDP) and 
6143 (SNP) mmHg were not significantly different. This 
represented a percent change from baseline of 2948% and 
345%, respectively (NS). RBF decreased 15+26% compared 
to baseline for SNP and increased 15£22% for FDP. This 
difference was statistically significant (p<.01). DBP decreased 
34+11% for FDP and 45+6% for SNP (p<.05). 


DISCUSSION___Fenoldopam causes vasodilation in renal, 
cerebral, coronary, and mesenteric circulations. Our data show 
that FDP produces an increase in RBF during induced 
hypotension while SNP fails to do so at similar levels of MAP. 
A major concern when employing controlled hypotension during 
general anesthesia is the preservation of end organ perfusion and 
function. The results of this study indicate that FDP has some 
unique advantages which may well be useful clinically. 


% A BASELINE 


Nitroprusside Fenoldopam 


(SNP) (FDP) 
HR(bpm) 3.545 -2.6+ 6 
SBP(mmHg) -215 -20 + 6 
DBP(mmHg) -45 +6 -34 +11* 
MAP(mmHg) -34 +5 -29 + 8 
CO(/min) 8 +16 11 +20 
RBF(ml/min) -15 £26 15 +227 
RVR(mmHg/ml-l/min) -2 +61 -27 +27 
PCWP(mmHg) 5+7 -12+7 


* p<.05 
t p<.01 vs. value for SNP 
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Introduction. Succinyldicholine (SDC) admin- 
istered intravenously in man increases intraocular 
pressure (IOP), probably in part by contracture of 
extraocular muscles and the increase in blood flow 
in choroidal blood vessels (1,2). It has been 
demonstrated that prior administration of a 
subparalysing dose of non-depolarizing muscle 
relaxants (3,4), lidocaine (4), diazepam (5) and 
deep anesthesia prevent an increase in IOP from 
SDC. However, some studies have failed to confirm 
the efficacy of these approaches (2) and therefore 
the use of SDC in patients with open eye injuries 
has been generally considered to be contra- 
indicated. Alfentanil (ALF) and Sufentanil (SUF) 
have been shown to block the cardiovascular 
responses to laryngoscopy and intubation (6). 
Since these maneuvers potentiate the rise in IOP 
following SDC (2), the purpose of this study was 
to examine the efficacy of these agents with DTC 
defasciculation in preventing the rise in IOP 
following SDC, laryngoscopy and intubation. 

Methods. This study was approved by the Hos- 
pital Human Investigation Committee and informed 
consent was obtained. Thirty patients (ASA Class I 
and II) weighing 40-109 kg, scheduled for elective 
non-ocular surgery, were divided into 3 groups of 
10 (Table). IOP was measured with a Mueller's 
electronic tonometer using a weight of 5.5 g. 
Heart rate and blood pressure were recorded at 
eachì measurement of IOP. All patients vere pre- 
oxygenated with a face mask. Measurements were 
made prior to drug administration (a) and 20 mins 
following premedication (b)(II, III), 3 mins fol- 
lowing DTC administration (c), 15 sec following 
thiopental (d)(I, II), 20 sec (I, II, III) and 40 
sec (I, II) following SDC administration (e,f) and 
at 15, 60, and 120-180 seconds following endotra-— 
cheal intubation (g,h,i) (Figure). Patients were 
ventilated manually with 1002 0, between measure- 
ments. TABLE 

PREMEDI- INDUCTION MUSCLE 


GROUP CATIONS _DEFASCICULANT AGENT RELAXANT 


I DTC 0.06* THIO 5* SDC 2* 
II SUF .05* DTC 0.06% THIO 7* SDC 2* 


III MID 0.025*, DTC 0.06* ALF 150° SDC 2* 
+ SUF 0.03 


iloni E DUR- US E oa 
+ doses given mcg/kg IV; * doses given mg/kg IV 


Data were analyzed by ANOVA with 1 repeated 
measure. A p<0.05 was considered statistically 
significant. 

Results. Patients were comparable in terms of 
age, weight, and physical status. Baseline IOP was 
similar for all groups (Figure). Group I: IOP, BP 
and HR did not change significantly following DTC, 
THIO or SDC. However, laryngoscopy and intubation 
resulted in significant increases in IOP, BP and 
HR. Group II: IOP, BP and HR did not change sig- 
nificantly following SUF, DTC and THIO. Further- 
more, they remained unchanged following SDC and 
did not increase after laryngoscopy and intuba- 
tion. Group III: IOP did not change 20 min after 
SUF and MID, 3 min after DTC, 20 sec following ALF 


and SDC, and after laryngoscopy and intubation. BP 
and HR did not change during intubation as well. 

Intubating conditions were considered to be 
very satisfactory in all groups. Fasciculations, 
bucking or coughing were not observed in any 
patients. One patient in Group III complained 
postoperatively of pruritis which was treated 
satisfactorily with diphenhydramine hydrochloride. 

Discussion. The results of this study are in 
agreement with previous reports that SDC following 
induction with THIO increases intraocular pressure 
and that a subparalyzing dose of DTC (2,4) does not 
prevent this increase. More importantly, we have 
shown that additional pretreatment with a sub- 
anesthetic dose of SUF (with or without midazolam) 
and/or induction with ALF effectively prevented 
increase in intraocular pressure following SDC and 
intubation. Since stress response to intubation may 
cause a greater increase in IOP than from SDC, the 
beneficial effect of a short-acting narcotic in 
preventing increase in IOP is not entirely 
unexpected. Although the induction dose of 
THIO was higher in Group II than in Group I we have 
previously demonstrated that this alone is not 
likely to have been responsible for the effect seen 
on the IOP (7). 

In conclusion, we have shown that SUF pre- 
medication and DIC pretreatment plus high dose THIO 
or ALF induction effectively blocked the increase in 
IOP from SDC and intubation. Since SDC is an 
invaluable muscle relaxant for rapid sequence 
endotracheal intubation, these results may have a 
far reaching effect in anesthetic management of 
patients with an open-eye injury (8). 


FIGURE: EFFECTS OF SUFENTANIL AND ALFENTANIL ON IOP 
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See Methods for discussion of time periods. 

Data means are presented graphically. 
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Introduction. Beta-adrenergic blocking drugs 
are frequently used to treat ischemic cardiaz 
disease and hypertension. Beta-blockers may als> 
have significant respiratory effects. Althougn 
bronchospasm is a well known complication of thes2 
drugs, it is unclear whether or not central respi- 
ratory depression can also occur. Answers to this 
question have been conflicting, at least in part, 
because most often only the ventilatory response tə 
co (Vv vs CO,) and not the occlusion pressur2 
response (P | vs co, ) has been examined. VW. vs CO. 
could be ‘creased “by either central respirator? 
depression or increased airway resistance whereas 
Po. vs CO, should only be affected by centra_ 
respiratory depression. In addition, all studies te 
date examined the effects of oral beta-blockers, and 
not the effects of acute intravenous administration 
We, therefore, studied 12 volunteers in a double- 
blind, randomized crossover fashion to determine i= 
any significant central respiratory depression 
occurs after intravenous administration of a beta- 
blocking dose of propranolol. 


Methods. Twelve healthy adult nonsmoking male: 
with no history of asthma were studied after Insti- 
tutional Review Board approval. Respiratory drive 
was assessed by analysis of the slopes. of the ven- 
tilatory (Vv ) and occlusion pressure (P response 
to progressive hypercapnea under hyperoxic condiz 
tions using a modified Read rebreathing circuit. ’* 
Subjects were NPO for at least 8 hr prior to study. 
Resting heart rate (HR), systolic blood pressure 
(SBP), end-tidal C02 (ETCO,) and response to CO- 
rebreathing were obtained diver placing'a 20-gauge 
plastic IV catheter and beginning an infusion of 
normal saline at 100 ml per hr. In addition, the HE 
response during CO rebreathing was documented. 
After a 15 min rest ‘period, either normal saline or 
propranolol (0.1 mg/kg) was infused over 10 min in = 
double-blind manner. HR and SBP were measured every 
minute during this infusion. 5, 30 and 60 min after 
finishing the infusion, additional CO, challenges 
were performed in the sam2 manner as ‘the baseline 
test. Subjects returned no sooner than 48 hr later 
to receive the crossover drug and be evaluated irc 
the same fashion. We examined HR and SBP changes 
during the 10 min infusions as well as during CO 
rebreathing to determine if beta-blockade had beef 
achieved. The slopes of A vs CO, and P vs co, 
were compared between groups (propranolol vs NS) tc 
determine if any respiratory depression occurred. 
Hotelling T-square, chi-square, and paired and un- 
paired t tests were used. P values < 0.05 were con- 
sidered statistically significant. 


Results. During the propranolol infusion HRs 
decreased significantly (from 65 to 56) while they 
did not during NS (from 60 to 59). In addition, 
while maximum mean HR's during CO, rebreathing were 
similar at both baseline sassions, subjects receiv— 
ing propranolol had significantly slower maximum HRs 


during CO, rebreathing when compared to NS at all 
test times (Table 1). Propranolol did not produce 
any statistically significant changes in the resting 
ETCO, or the ventilatory or occlusion pressure 
response to co, when compared to baseline or NS 
(Table 2, 3, 4). 


Table 1. Maximum Mean HR (BPM) During CO 
Rebreathing Before and Min After Infusion of 
Either Propranolol or NS. 


2 


0 5' 30' 60' 
Propranolol 87 71* 73%* 73%* 
NS 84 86 82 81 


es 
*P < 0.05 compared to NS; **#P < 0.005 compared to NS 


Table 2. Resting ETCO, (mmHg) Before and Min After 
Infusion. , 


0 5° 30' 60' 
Propranolol 34 35 35 34 
NS 34 34 34 35 





Table 3. Slope of Ve vs co, (L/min/mmHg) Before 
and Min After Infusion. 


0 5" 30' 60! 
Propranolol 3.87 3.32 3.25 3.45 
NS 3.64 3.21 3.58 3.17 





Table 4. Slope of P 


vs co, (cmH, 0/mmlg ) Before 
and Min After Infusion. 


0 5' 30' 60' 
Propranolol 1.06 1.05 1.07 1.07 
NS 1.12 0.92 1.11 1.07 


CT rr aaaaŘŘŮŐō—M 


Discussion. These data demonstrate that the 
acute administration of beta-blocking doses of pro- 
pranolol does not produce significant central respi- 
ratory depression, in healthy adult volunteers. We 
also found no decrease in the ventilatory response 
to CO, indicating little, if any, change in airway 
resistance after propranolol. Although synergism 
may exist when combined with other drugs, beta- 
blocking doses of IV propranolol alone appear devoid 
of respiratory effects in healthy adults. 
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Introduction. A recent NIH Consensus Development 
Conference reported a marked increase nationwide in 
Fresh Frozen Plasma (FFP) administration in the ab- 
sence of proven clinical efficacy (1). Subsequent 
to that report we examined justifications for trans- 
fusing FFP in the perioperative period (2). We now 
report a study evaluating the impact of a controlled 
program of medical education on physician compliance 
with recommended indications for FFP therapy. 


Methods. Patients receiving perioperative trans- 
fusions of FFP. at Temple University Hospital, between 
Dec 1985 and Mar 1986 (Group A, control), and between 
Dec 1986 and Mar 1987 (Group B, post-intervention), 
inclusive, were identified by the blood bank. The 
charts and anesthesia records were reviewed by the 
authors, within 48 h of surgery. Information sought 
included type of surgical procedure, estimated blood 
loss, blood products given, liver and renal function, 
hematologic profile, and administration of drugs 
known to alter coagulation. The authors also inter- 
viewed the staff and resident anesthesiologist re- 
garding justification for using FFP. A questionnaire 
classified their response into 1 of 6 categories. 
Untoward bleeding and presumption of coagulopathy 
was based on the staff anesthesiologist's assessment 
of the situation. Documentation of coagulopathy was 
based on the preoperative coagulation profile. 


Table 1 

Justifications Authors 

for use of FFP Assessment 
1.) Surgeon insists - no untoward bleeding NI 
2.) Hypovolemia NI 
3.) Presumed coagulopathy - no untoward bleeding NI 
4.) Presumed coagulopathy & untoward bleeding PI 
5.) Documented coagulopathy - no untoward bleeding PI 
6.) Documented coagulopathy & untoward bleeding I 


A definite indication (I) for transfusion of FFP 
was documented coagulopathy with untoward bleeding. 
Possible indications (PI) were defined as presumed 
coagulopathy with untoward bleeding, and documented 
coagulopathy without untoward bleeding. A designa- 
tion of not indicated (NI) was assigned to hypovole- 
mia, surgeon insistence or a presumed coagulopathy 
in the absence of untoward bleeding. 


The formal educational effort consisted of lec- 
tures presented at grand rounds in the departments of 
Anesthesia, Surgery and Internal Medicine. A follow- 
up questionnaire distributed to all faculty and house 
staff in the above specialties reinforced lecture 
data. Informal small group discussions and the usual 
staff-resident interaction in the operating room and 
on teaching rounds in the SICU were utilized. All 
teaching was done by the authors and took place be- 
tween Mar 31 and Dec 11986. Statistical signifi- 
cance was determined with the chi square test and the 
Fisher exact test. 

Results. The total number of operative cases during 
ba first time period was 2077 and during the second 
- 2540. 


In group A (n=32) nineteen patients had cardiac 
surgery, in group B (n=18) eleven patients had car- 
diac surgery. The remainder in each group had gene- 
ral and subspecialty surgeries. Comparison of the 
patients in each group to the 6 justifications is 
seen in Table 2. 


Table 2 

Justifications Number of Patients 
Group A Group B 

1 (NI) 10 3 

2 (NI) 2 1 

3 (NI) 2 0 

4 (PI) 6 11 

5 (PI) 2 o 

6 (I) T 3 


Fifteen (47%) of the patients in group A received 
FFP for what we considered a definite or possible in- 
dication. Seventeen (53%) received FFP based on in- 
dications we considered inappropriate. In group B, 
14 (78%) of the patients received FFP for what was 
considered a definite or possible indication. Four 
(22%) received FFP based on indications considered 
inappropriate (Table 3). 


Table 3 
Group Total FFP Appropriate Inappropriate 
OR cases recipients Use (I,PI) Use (NI) 
A 2077 32(1.54%) 15(47%) 17(534) 
B 2540 18(0.71%) 14(78%) 4( 22%) 


Statistical analysis of the data revealed that 
the decrease in the number of patients transfused FFP, 
from 32 of 2077 operative cases in group A to 18 of 
2540 operative cases in group B, wes significant 
(p<0.01). Analysis of the indications for transfu- 
sion of FFP revealed that the decrease in unaccept- 
able justifications, from 53% in group A to 22% in 
group B, and conversely the increase in acceptable 
justifications from 47% to 78% was also significant 
(p< 0.05). 

Discussion. Despite an increase in the number of 
operative cases during the second time period there 
was a statistically significant decrease, in the num- 
per of patients given FFP, and in the unacceptable 
justifications for transfusion of FFP. Although it 
is difficult to quantitiate the informal teaching 
that accompanied the lectures and follow-up question- 
naires, it is clear that the program had a positive 
impact on physician performance. 

In view of the inherent risks and costs involved 
in the transfusion of blood products, and the results 
of this study, we believe efforts aimed at re-educa- 
tion of physicians regarding indications for and ac- 
tions of FFP should continue. 
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:ntroduction: Pipecuronium bromide (PIP) is a none 
lepolarizing muscle relaxant similar to pancuron- 
ium but reported to have minimal cardiovascular 
side effects (1). The EDgg of PIP has been deter- 
ained to be adproximately 35 ug/kg in young and 
liddlesaged people (1). The purpose of this study 
jas to evaluate the neuromuscular parameters of 
IP in patients anesthetized with a balanced anes- 
shesia. We investigated the onset, duration, re- 
‘overy from neuromuscular blockade and intubation 
‘onditions following doses of two to three times 
the EDgg of PIP. 

lethods: Ten male and 20 female patients (ASA 
‘lass IsIII) ages 22463 years old weighing 483100 
g gave their written informed consent to partici 
vate in this institutional review board approved 
itudy. Subjects were randomly assigned to receive 
‘ither 70 (n=10), 85 (n=10) or 100 (n=10) pg/kg of 
‘IP. After premedication with morphine (0.1 
g/kg) and atropine (0.4 mg) IM, anesthesia was 
nduced with fentanyl (3-6. yg/kg)and thiopental 
336 mg/kg) and N20/02 (60/40). Maintenance of 
nesthesia was with No0/0p with fentanyl or thios 
ental as needed. Dosages of PIP (5=10 pg/kg) 
ere also given to maintain neuromuscular’ blockade. 
fter induction, the isometric force of contrac- 
ion of the adductor pollicis muscle was elicited 
tilizing a trainsofefour(TOF) at 2 Hz supramaxi- 
al square wav2 impulse of 0.2 msec duration every 
2 sec via surface elecrodes over the ulnar nerve. 
IP was administered as a single bolus over 5 sec. 
ntubation was attempted within 1 min after comple- 
ion of neuromuscular blockade, and relaxation was 
cored on a scale of 144, where 1 was flaccidity 
nd 4 was vigorous resistance to intubation. The 
ime to 90% block of the first twitch of TOF (T1), 
aximum T] block, time to maximum T, block and 
ime to 5, 10 and 25 percent of Ty recovery were 
ompared between the 3 groups. When the neuromusc- 
lar block was no longer required, the residual 
lock was reversed with neostigmine (2.5mg) and 
lycopyrrolate (0.5 mg). Recovery of Tı compared 
2 its baseline value was determined prior to and 
t 2, 5, 8 and 10 min after reversal administra- 
ion. Statistical analysis were performed utiliz- 
1g one way ANOVA and KruskalsWallis test. A p < 
-05 was considered statistically significant. 
ata is presented as means + S.D. 

2sults: No sigrificant difference in demographic 
ariables was demonstrated between the groups. 
ammary of neuromuscular data is presented in 
able 1. While the time to 90% and maximum Ty 
lock was longer in the group receiving the lowest 
»se of PIP, the difference among the three groups 
d not reach statistical significance. The time 
‘om administration of PIP to start, 5; 10 and 25% 
2covery of Ty was significantly longer in the 
oups receiving 85 and 100 pg/kg than in the 70 
3/kg group. However, there was no significant 
ifference between the 85 and 100 pg/kg groups. 
1 addition, no significant difference in the time 
"om 5-25% or 10-25% recovery time could be shown 
nong the groups. No significant differences were 





seen in intubation scores between the groups. Of 
the 30 patients, 29 had excellent or good relaxa» 
tion scores; only one patient (in the 85 ug/kg 
group) had a poor intubation score. Percent recov» 
ery of Ty obtained prior to and at 2, 5, 8 and 10 
min after. reversal administration was not differ- 
ent between the groups. Adequate recovery of 
muscle relaxation following reversal was more de- 
pendent on the residual block at the start of re-~ 
versal (Fig 1). Patients who had recovered to at 
least 30% baseline Tı at time of reversal had ade- 
quate clinical recovery in less than 10 min, while 
patients with less than 10% recovery took longer. 

Discussion. The results of this study confirm that 
PIP appears to be a relatively fast acting neuro- 
muscular blocker with a long duration of action. 
Under balanced anesthesia, a 70 pg/kg dose of PIP 
will provide clinical neuromuscular relaxation for 
approximately one hour. In our experience, this 
is comparable to that provided by similar doses of 
pancuronium., While our study did not demonstrate 
any differences in intubating conditions between 
the groups, this was possibly because patients 
were intubated after maximum block had been 
reached. Recovery from blockade was successful in 
all patients, but the time to recovery depended on 
the amount of residual blockade 


TABLE 1. Neuromuscular and intubating paramaters 
Time (min) to 70 ye/ke & ug/kg 100 
0% Ty block 2.5(0.9) 2.0(0.6) POON 
Max Ty Block 3.6(2.1) 3.5(1.1) 3.0(0.8) 
Onset-of Ty Recovery 38.2(8.2)a 57.3(15.6) 58.3(15.6) 
5% Ty Recovery 50.0(14.1)> 71.9(15.7) 71:8(22;1) 
10% T} Recovery 58-7(18.1)> 82.5(16:4)  74:9(18:0) 
25% Ty Recovery 66.7(14.0)> 98.3(18.7) 94.6(18.0) 
5h to-25% Recovery 22;6(6.1) 27-4(6.1)  28.8(8.1) 
10% to 25% Recovery  14:7(8:7)  17:3(3:8) 19.2(6.5) 
Intubation Score 1.3(0.5) 1.6(0.7) 1.4(0.5) 
4p < 0.01 as compared to other groups 
> p < 0.03 as compared to other groups 
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Introduction: BW A93 8U is a new 
benzylisoquiniline nondepolarizing neuromuscular 
blocking agent currently undergoing multicenter 
clinical trials. It has a long duration, is devoid 
of cardiovascular effects and is, readily reversible 
with anticholinest erase agents. ° This is the 
first study designed to define the pharmacokinetic 
profile of BW A938U following a single intravenous 
injection in patients under N,0/0,/ isoflurane 
anesthesia. 

Methods: After obtaining IRB approved written 
informed consent, 24 patients (18-50 years old, ASA 
class I-II) were studied. No patient with a 
history of malignant hyperthermia, drug abuse, 
neuromuscular, neurologic, psychiatric, cardiac, 
renal, or hepatic disease was studied. Nor were 
patients exposed to steroids, phenytoins, 
barbiturates, or antihistamines. Patients were 
premedicated with diazepam (5-15mg po) and morphine 
(5-10 mg IM). Anesthesia was induced with 
thiopental (4 mg/kg) and fentanyl (2-4 ug/kg) IV. 
The trachea was intubated under isoflurane without 
the use of relaxants. After intubation end tidal 
isoflurane concentration was adjusted to and 
maintained at 0.8% in 60% N,O and. 0,. Blood 
pressure, EKG, 0,-saturation, end-tidal “CO,, and 
temperature were monitored and recorded. All 
patients were mnormoventilated and temperature 
maintained between 35-37 C. The evoked mechanical 
response of the ulnar nerve-adductor pollicis 
system was monitored using supramaximal square wave 
impulses at 0.15Hz via steel needle electrodes at 
the wrist. Following stabilization of the twitch 
response and 15 minutes of stable end-tidal 
isoflurane at 0.8%, a single rapid IV injection of 
BW A938 was given over 5 seconds. Blood pressure 
was monitored every minute for the first ten 
minutes and every five minutes thereafter. Blood 
samples for determination of plasma concentration 
of BW A938U were drawn from a separate large bore 
venous sampling catheter at 
0,23;53,10,20,30,45 ,60, 90,120 180,240 and 360 
minutes. Urine was collected from 12 patients via 
an indwelling foley catheter for 12 hours to 
measure recovered BW A938U and any metabolites. 
Samples were analyzed by an HPLC method and the 
data fitted to both two-and three-compartment 
pharmacokinetic equations. Three dose groups were 
studied with eight patients per group (A:25 mcg/kg, 
ED95; B:50 meg/kg,2xED95; C:80 meg/kg, 3xED95). 
Pharmacodynamic data was analyzed by group t-test 
with p4s0.05 considered significant. 

Results: The pharmacodynamic data is complete 
on all patients. Pharmacokinetic data analysis is 
complete on ten patients. Best fit was achieved 
with a three-compartment model. The data is 
summarized in tables I and II. No effects on heart 
rate or blood pressure following BW A938U bolus was 
seen in any patient, nor were signs of histamine 
release. In the six urine samples currently 
analyzed, 25.3 to 46.4 per cent of the injected 
dose of BW A938U was recovered in the first twelve 
hours, predominantly unchanged. 


TABLE I BW A938U0 PHARMACCDYNAMICS 


Grp_A(nz8 Grp _B(n=8 Grp C(n=8 
Max Block 96.641.9 100(99.6) 100(100) 
Onset (min) 7.741203 4.1940.27(5-3) 4.0440.75(3.4) 
Begin Recovery (min) 40.5+9.0 60.649.5(49.8) 98.7425.9(124.7) 
Dur 5 (min) 54.84+9.2 71 .0+9.7(57.9) 114.1+28.1(134.6) 
Dur 25 (min) 67.5+8.9 90.4+16.4(82.9) 169+36.9(158) 


all values + SE 
( ) Ref. l; N,0/0,/Rarcotic anesthesia; ps0.05 





TABLE II BW A938U PHARMACOKINETICS 


Grp A(ns4 Grp _B(n=3 Grp _C/kg(n"3 
t 1/2 8 (min) 2.04+0.35 1.54.12 1.74.06 
‘t 1/2 a (min) 19.243.4 15.742.1 19.344.5 
t 1/2 6 (min) 122.2421.6 136.5#16.4 150425.9 
ve (ml/kg) 2845 2946 4442 
Vises (ml/kg) 168414 1904+29 278+38 
C1 (ml/kg/min) 1.54.21 1.44.023 2.24.23 
MRT (min) 74.1420.2 100.6442.5 131.8+10.9 


all values +SE 


Discussion: This study confirms data from 
other investigations that BW A938U is a long-acting 
nondepolarizing relaxant that is-without effect on 
heart rate and blood pressure. Interestingly in 
this study compared to identical dosage groups 
under nitrous/narcotic anesthesia, the recovery 
times under isoflurane tend to be somewhat longer, 
but did not reach. statistical significance. The 
pharmacokinetic data thus far analyzed indicates BW 
A938U to behave in a similar fashion to the 
currently used long-acting agents. Yet-to be fully 
determined is if there is an additional mode of 
excretion other than via the kidneys, if there is 
any metabolism/excretion by the liver, if there is 
significant plasma cholinesterase metabolism in 
vivo, and if there is pharmacokinetic linearity 
between dosage groups. Studies to address these 
issues are also in progress. 
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Introduction. Malignant hyperthermia is a potential-y 
ethal syndrome which can be triggered by inhaled anesthetics. 
Since an anesthetic concentration low enough not to trigger 
nalignant hyperthermia has yet to be determined, 
anesthesiologists may wish to choose equipment that minimizes 
2xposure of susceptible patients to inhaled anesthetics. Some 
nvestigators recommend that a special anesthesia machine (never 
xposed to inhaled anesthetics) be reserved for these patients, 
ut this is not practical in many hospitals. Others suggest that a 
contaminated” machine can be used Safely if it is flushed wita 
xygen for 18 h prior to use.2 To test the hypothesis that 187 
vashout is longer than necessary, we determined the rate at whic1 
esidual halothane concentrations decreased in an anesthesia 
nachine being flushed with oxygen. 


Methods. Anesthesia equipment included an Ohio 
Aodulus® machine, an Air Shields® ventilator, and disposabl2 
iolyethylene circle systems (Marquest®). The equipment was 
aturated with 2.0% halothane for 18 h by delivering a 1-L/min 
‘esh gas flow, plugging the elbow at the end of the circle system, 
nd setting the tidal volume of the ventilator at 600 ml and the 
ate at 10 breaths/min. Washout from the anesthesia machine 
fas evaluated by measuring halothane concentrations in samples 
aken from the elbow of the circle system under four differen: 
onditions: 1) without changing the anesthesia equipment; 2) afte- 
hanging the soda lime (Sodasorb®); 3) after changing the soda 
me, circle system, and fresh gas outlet hose; and 4) afte- 
hanging the soda lime, circle system, fresh gas outlet hose, and 
entilator bellows. During the washout period, the vaporizer was. 
2moved from the circuit, fresh gas flow was increased tc 
0 L/min, and the ventilator left on. Halothane concentrations 
lso were determined in gas samples taken from the end of the 
esh gas outlet hose when: 1) the original hose was left in place 
nd 2) the hose was replaced at the beginning of the washou-: 
eriod. Samples were analyzed with a Gowmac® gas chromatograpt 
aving a sensitivity of = 0.1 parts per million (PPM). 


Results. Halothane concentrations in samples obtainec 
om the elbow were similar with original or fresh soda lime, but 
ere 10-fold lower after the fresh gas outlet hose and circle 
rstem were replaced. Changing the ventilator bellows did not 
ther increase the washout rate (Fig. 1). Halothane 
mcentrations in samples taken from the end of the original fresh 
as outlet hose were similar to the concentrations obtained from. 
e elbow after the fresh gas outlet hose and circle system were 
placed. However, halothane concentrations in the fresh gas flow 
imples obtained following replacement of the outlet hose were 
lother 5-fold lower and decreased so rapidly that halothane was 
1 PPM after 5 min of washout (Fig. 2). 


Discussion. These data suggest that the fresh gas outlet 
ise is a major halothane reservoir, but that soda lime is not. The 
ntilator also appears to be a reservoir because halothane 
ncentrations sampled from the elbow after changing the soda 
le, circle system, and fresh gas outlet hose were 5-fold higher 
an samples from the end of the new fresh gas hose. Changing the 
ntilator bellows was not effective, because the Air-Shields® 
ntilator contains many internal rubber components. Residual 
esthetic concentrations were lowest in samples collected from 
2 fresh gas supply after the outlet hose had been changed. 
ilothane concentrations at the end of the new fresh gas hose 
creased 4 orders of magnitude in 2 min but then required 8 h 

decrease by another order of magnitude. Halothane 
Ncentrations were less than 1 PPM within 5 min of washout, 
ill below the National Institute of Occupational Safety and Health 
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standard for waste gas exposure.3 Consequently, malignant 


hyperthermia susceptible patients will be exposed to minimal 
inhaled énesthetic concentrations when a disposable, non- 
rebreathing circuit is connected to a “contaminated” machine that 
has been prepared by: 1) removing vaporizers, 2) flushing with 
oxygen at a rate of 10 L/min for 5 min, and 3) changing the fresh 
gas outlet hose. 


Intact absorber, circle, 
hose, and bellows 


New absorber; Intact circle, 
hose, and bellows 


New absorber, circle, and 
hose; Intact bellows 


New absorber, circle, hose, 
and bellows 
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Figure 1: Washout from an anesthesia machine 
saturated with 2.0% halothane. Gas samples were 
taken from the elbow of the circle system. 


100,C00 





D Hosa Intact 
À Now hosa 


o 1 10 100 1,000 
TIME IN MINUTES 


Figure 2: Washout from an anesthesia machine 
saturated with 2.0% halothane. Gas samples were 
taken from the end of the fresh gas outlet hose. When 
the fresh gas outlet hose was changed, the halothane 
concentration after 5 min of washout was <1 PPM 
(ie.. = 1/10,000th MAC). 
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Introduction: Continuous flow Apneic ventilation 
(CFAV) produces adequate gas exchange fcr 5 hours in 
anesthetized and paralyzed dogs. CFAV is also 


effective during prolonged thoracotomy in dogs. 
Tallman et al reported that CFAV may be useful in 
lung injury induced by intravenous injection of 
oleic acid (OA) .3 The present study is designed to 
evaluate cardiovascular effects and gas exchange in 
dogs with OA-induced lung injury. Ventilation was 
supported by intermittent positive-pressure 
ventilation (IPPV) with Positive end-expiratory 
pressure (PEEP), CFAV with continuous positive 
airway pressure (CPAP) or CFAV with intermittent 
madatory ventilation (IMV) and PEEP. 

Methods: Fifteen dogs (mean wt 20 kg) were 
anesthetized with thiopental (25 mg-kg~+) followed 
by an infusion of 4 ng-kg~1-hr.-1 The dogs were 
intubated with a double-lumen endobronchial tube and 
ventilated with IPPV, volume and rate adjusted for 
normocarbia. Fluid status, was supported by an 
infusion (3 ml: kg ~~ * hr) of a balance salt 
solution containing 50 meq NaHCO; per liter. 
Paralysis was obtained by, bolus injection of 
vecuronium (0.1 mg ‘ kg ~) and maintained by an 
infusion of vecuronium (1 pg:kg *‘min~*) monitored 
by a peripheral nerve stimulator. The femoral 
artery and vein were cannulated, and a pulmonary 
artery catheter was placed through an incision in 
the neck. Two 2.5 mm. ID catheters were inserted 
into the endobronchial tube (one into each lumen) 
with the tips lying 1.5 cm below the carina. 
Placement was verified by fiberoscopy. The 
catheters were sealed during IPPV. CFAV was 
provided by a gas system consisting of an air/oxygen 
blender, calibrated flow meter, heated humidifier, 
oxygen analyzer and tubing. All dogs were 
ventilated with an Fy0z of 0.5 during the study. 
Total flow during CFAV was 1.2 l'kg`l'min“i. 
Control numbers were recorded after 30 minutes of 
IPPV or CFAV. The dogs were again ventilated with 
IPPV and OA (0.05 ml'’kg™ ) was injected into the 
right atrium. After allowing the model lesion to 
develop for 1 hour, 5 dogs were maintained with IPPV 
and PEEP (5 mmHg), 5 dogs were maintained with CFAV 
and CPAP (adjusted to give the same mean airway 
pressure (Paw) obtained during IPPV with PEEP), and 
5 dogs were maintained with CFAV plus IMV (2 breaths 
per minute) and PEEP (5 mmHg). Arterial and venous 
blood gases, cardiovascular values and temperature 
were measured at intervals. Statistical 
significance was estimated by a two-way analysis of 
variance followed by the Dunnett t-test. 

Results: Arterial blood gases are presented in the 
two tables ( mean + SD). Prior to lung injury, CFAV 
achieved adequate gas exchange in, eech group of 
animals. Intra-atrial OA caused the mean arterial 
oxygen (Pa05) and mean cardiac index to decrease in 
each group while the mean arterial carbon dioxide 
(PaC02) increased in both CFAV groups end the mean 
pulmonary venous admixture gradually increased in 
all three groups of animals. The OA-injured group 
ventilated with CFAV + IMV + PEEP had a 
significantly higher (p<0.05) mean Pa02 at 60 
minutes than the group ventilated with CFAV + CPAP, 
but the OA-injured group ventilated with CFAV + CPAP 


had a significantly higher (p<0.05) mean PaCO2 at 60 
minutes than the group ventilated with either IPPV + 
PEEP or CFAV + IMV + PEEP. 

Discussion: It is known that CFAV is almost as 


‘effective as IPPV in the ventilation of dogs with 


normal lungs. 12 After OA lung injury, dogs 
subjected to CFAV + CPAP developed marked 
respiratory acidosis, but dogs subjected to CFAV + 
IMV + PEEP only developed mild respiratory acidosis 
(p< 0.05 at 60 minutes and 120 minutes). We 
believe thet edema fluid resulting from OA injury 
fills small airways and prevents peripheral 
distribution of ventilatory gas during CFAV + CPAP. 
Nevertheless, low-frequency (2 breaths per minute) 
IMV proved to be effective in C02 elimination in 
this model. CFAV + CPAP failed to produce adequate 
oxygenation and ventilation in a model of lung 
injury. However, CFAV + IMV + PEEP was successful 
in producing both adequate oxygenation and 
ventilation in this model. 
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thoracotomy. Anesthesiology 63:A558, 1985 

3. Tallman RD Jr, Wang YL, Marcolin R: Gas 
exchange by constant flow ventilation following 
oleic acid lung injury. Anesthesiology 63:A296, 
1985 . $ 

Tables: 


PaCO9 (mmHg) 


IPPV + PEEP CFAV + CPAP CFAV + IMV 
+ PEEP 
CONTROL 34.4 + 3.0 NS 37.8 + 2.9 NS 42.0 + 2.7 
(IPPV) NS 
CONTROL 39.4 + 7.2 NS 47.2 + 5.9 NS 40.0 + 8.6 
(CFAV) NS 
OAIPPV 36.8 + 8.3 NS 41.6 + 4.1 NS 40.6 + 3.7 
NS 
60 min 39.0 + 12.8 _S 81.8 + 20.5 S 45.7 + 4.0 
NS 
120 min 36.6 + 13.7 NS 78.4 + 10.4 S 47.9 + 5.4 
S 
Pa02 (mmHg) 


IPPV + PEEP CFAV + CPAP CFAV + INV 


+ PEEP 
CONTROL 188 + 27 NS 197 + 29 _NS 249 + 66 
CIPPV) NS 
CONTROL 202 + 52 NS 177 + 43 _NS 152 + 26 
(CFAV) NS 
OAIPPV 106 + 27 NS 145 + 43 NS 188 + 60 
NS 

60 min 118 +42 NS 73415 _S 10948 
NS 

120 min 143 + 59 NS 85 +29 NS 112 +18 
NS 
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Introduction. Amnesia for events under general taken as evidence for or against learning during general 


anesthesia. 


anesthesia has traditionally been inferred by the lack of 
postoperative verbal recall for events during surgery. 
However, several recent studies have shown that 
acquisition of auditory information during anesthesia can 
2e demonstrated (1, 2, 3). Presentation of experimental 
nformation was confined in these studies to one 
discrete point during the anesthetic: before skin incision 
(1), just before emergence (2), and during stable 
surgical anesthesia (3). The present study was designed 
‘0 test differences in auditory acquisition as a function 
3f the time the patient is under anesthesia and the 
anesthetic agents administered. A standardized 
neaningful message will be presented to patients during 
lifferent phases of clinical anesthesia followed by 
dostoperative interviews which will assess verbal and 
1onverbal memories of the experimental message. 


Methods. Forty-eight patients ASA I-II, aged 19-63 yTS., 
cheduled for elective surgery were chosen. Each 
‘onsented to be a participant and institutional approval 
rom the Human Subjects Review Committee was 
vbtained. Patients were told that surgical personnel 
ften assume that the patient does not record their 
‘onversations. The patient was told to listen for a 
pecial message during anesthesia. To increase the 
neaningfulness of the neutral study message patients 
vere also told that a personal message for their good 
ecovery would precede the study message. The 
nterviewer made a tape recording for each patient 
vhich included 1) the patient’s preferred name, 2) 
rersonalized statements of well-being regarding the 
pecific operation , 3) suggestions for Tecovery, and 4) 
Statement on the importance of engaging in a specific 
ehavior during a postoperative interview. The behavior 
‘as randomly assigned among patients from four 
hoices: (a) touching the right or (b) left ear, (c) lifting 
ae left or (d) the right index finger. 


‘atients requiring general anesthesia for GI, 
ynecological, orthopaedic, or plastic surgeries were 
tudied. No attempt was made to control the anesthetic 
2chnique. All patients received nitrous oxide 40-67%) 
nd isoflurane Sy halothane (.5-2%)(n=11), 
r ethrane (1-3%)(n=8). Anesthetic IV agents included 
ddium thiopental, diazepam, fentanyl, and morphine 
ilphate. The anesthesiologist confirmed that patients 
‘ere adequately anesthetized and clinically stable. HR 
nd BP did not change with presentation of the 
lessage. All anesthetic agents and their doses related to 
le time of message delivery were recorded. 
resentation of the experimental message was via tape 
corder through stereo earphones fitted by a separate 
xperimenter and monitored to insure adequate 
resentation over a separate set of earphones. 
ostoperative interviews were conducted 1 to 20 days 
ostanesthetically. The two interviewers recorded all 
stances of the four nonverbal target behaviors 
troughout the 30 minute interview, at the end of which 
e entire taped message was played to the patient, 
teaking the blind condition for the experimenters. The 
resence or absence in the interview of the specific 
zhavior mentioned in the experimental message was 


Pre- and intraoperative variables were recorded from 
patients, anesthesia doses, and presentation of the 
message. Amounts of medications, induction agents, and 
anesthetics, the time that the message was played to 
the patient after induction and before emergence, 
anesthetics present at that time, pre- and intraoperative 
hemodynamics, and postoperative interview responses, 
including nonverbal responses were recorded. A 
mathematical model (logistic regression) was developed 
from these data to determine which variables correlated 
with the presence of the suggested behavior in the 
postoperative interview. 


Results. MESSAGE PRESENTATION: Time of message 

presentation varied from 15 to 293 minutes after 

induction (10 to 219 minutes before emergence). The 

mean time to message presentation was 93 minutes after 

intubation (st.dev. = 64.3 min.) and 59 minutes before 

emergence (st.dev. = 58.2 min). EFFECTS OF MESSAGE: 
Interview questioning revealed that no patient verbally 

recalled the experimental message or any intraoperative 

event. 





Interview observation of patients’ nonverbal behavior 
revealed responses to the intraoperative message in 33 
cases and a lack of a specific response in 15 cases. The 
statistical model found two variables associated with the 
postoperative nonverbal behaviors: 1. presentation of the 
message for that behavior (p<.02), and 2. a 
nonsignificant trend for intraoperative IV diazepam to 
suppress the response (p=.13). A noteworthy finding was 
a Jack of correlation of time of presentation, levels of 
inhalational agents, or hemodynamic variables. From this 
series, the data suggest that time of presentation does 
not modulate stimulus acquisition during anesthesia. 


Discussion. The results suggest a persistence of the 
acquisition of auditory information throughout adequate 
surgical anesthesia. Patients’ verbal retrieval abilities 
are therefore unreliable indicators of sensory responses 
to intraoperative auditory events. These results confirm 
neurophysiological findings of preservation of evoked 
auditory potentials throughout surgical anesthesia. 
Statements during general anesthesia which direct 
patient behavior may therefore be effective despite 
postoperative verbal amnesia. 
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Introduction. We investigated the effect of There was a consistent increase in venous Og and 0, 
tourniquet application on: 1) somatosensory evoked Hb saturation for 5-10 minutes after T deflation. 
potentials (SSEP), 2) blood lactate (L) and 3) The Erb's and cortical SSEP amplitudes were abolished 
venous blood gases (VBG). The lactate levels were with T inflation while the ulnar nerve amplitude at 
determined to see if the postdeflation pain is due the elbow, though significantly depressed, was not 
to washout of accumulated metabolic products (1). (Table 2). The SSEP amplitudes increased and the 

Methods. The study was approved by the Human latencies improved toward baseline values at the con- 
Subjects Committee of Northwestern University and clusion of the study. 
the Research Committee of Northwestern Memorial Discussion. Unlike Yamada's study (4) which 
Hospital. Eight male, unmedicated, healthy volun- followed the Erb's and cortical amplitude, we also 
teers, aged 26-39 were studied. Baseline determina- recorded the amplitude of the ulnar nerve at the 
tions, before application of the tourniquet (T), elbow. The depression of the SSEP at the elbow is 
included the following: 1) pain visual analog solely due to ischemia while the abolition of the 
scale (VAS) score, 2) blood withdrawal for L and Erb's and cortical amplitudes is due to nerve com- 
VBG (pH, PCO2, P09, OgHb saturation) from an IV pression and ischemia. RP is probably not related 
cannula inserted into an antecubital vein, and 3) to washout of anaerobic metabolites since L was still 
ulnar nerve SSEP. The VAS was a 100 mm line, the 0 elevated for several minutes after RP was gone. The 
end states "I have no pain at all,” the 100 mm end elevated P02 and L levels when blood flow has been 
states "I feel the worst pain imaginable." Lactate restored for several minutes reflect continued anaer— 
levels were determined by the Du Pont Automatic obic muscle metabolism; this maybe due to persistent 
Clinical Analyzer (ACA); the blood gases were deter- capillary narrowing or closure that started during 
mined by IL Blood Gas Analyzer 813 and IL Cooximeter the period of ischemia (5). 

282. A multichannel signal averager (Nicolet Path- Reference. 

finder 1) was used to determine and record SSEPs, l. Hagenouw RRPM, Bridenbaugh PO, VanEgmond J, 

the technique has been described previously(2). A Steubing R. Tourniquet pain: A volunteer 

pair of surface electrodes were placed over the study. Anesth Analg 1986, 65:1175-80. 

ulnar nerve at the wrist; recording electrodes 2. Benzon HT, Toleikis JRT, Shanks C, Ramseur A, 
were placed 1) over the ulnar nerve at the ulnar Sloan T: Somatosensory evoked potential quanti- 
groove at the elbow, 2) at the ipsilateral Erb's fication of ulnar nerve blockade. Anesth Analg 
point, and 3) at the contralateral scalp over the 1986; 65:843-8. 

neuronal generator areas (C3' or C4"). Peak to 3. Grundy BL, Nash CL, Brown RH. Deliberate hypo- 
peak amplitudes and latencies of the composite tension for spinal fusion: Prospective randomized 
responses from all 3 recording sites were monitored study with evoked potential monitoring. Can 

and recorded. After exsanguination of the upper Anaesth Soc J 1982; 29:452-61. 

extremity with an Esmarch bandage, a 7 cm T was 4. Yamada T, Muroga T, Kimura J. Tourniquet induced 
applied at the mid upper arm with soft roll under ischemia and somatosensory evoked potentials. 

it. Inflation pressure was 100 mm Hg over the Neurology 1981; 31:1524-9. 

systolic blood pressure, the T was applied until 5. Eklof B, Neglen P, Thomson D. Temporary incom- 
the pain was unbearable. VAS scores were taker plete ischemia of the legs caused by aortic clamp- 
every 5 minutes and SSEP recordings were done ing in man. Improvement of skeletal muscle 

every 5-10 minutes during T inflation. After T metabolism by low molecular dextran. Ann Surg 
deflation, blood for L and VBG were withdrawn: 1) 1981; 193:99-104. 


immediately, b) 2, 5, 10, 15 minutes for the first 


4 volunteers, and c) additionally at 30, 45 and 60 Ae De a ate (LI ana VOC Chakges 











minutes for the last 4 volunteers. The SSEP were BRED 8 tr oi er 
recorded at 5 minutes then every 10-15 minutes for r an E SC I CE 2 R 
45-60 minutes after deflation. Repeat measures pH 7.374.03 7.30+.04* ?.38+.02 7.44.02 7.42.02 7.44.02" 7.42.02 7.42.02 7,424.01 
ANOVA and Bonferroni paired t tests compared the PCO2 S068 6323* ATHA A33 Agape Agate 48434593 4543 
changes in L and VBG. A 50% or more decrease in PO 3346 AIRE G34TS* 63el4e  S4HZ* ABH 44417 50118 ae 
the amplitude and 10% or more prolongation of the Oka  62t1l  63+22  g0+6*  gls4e  82+13 7420 GEIB 73917 696 
latency were considered significant (3). i j p z 
Results. There was a gradual increase in the PEO Oe ys baseline (Wor ee 
VAS; maximum scores were 90-100. Mean (+ SD) T Table 2. SSEP Amplitude (A) and Latency (L) Changes 
time was 36.2 + 11 min (range: 25-55 min). Pain TOURNIQUET + TOURNIQUET + 








was relieved with deflation, this recurred (reperfu- 
sion pain, RP) in 5 of 8 volunteers. RP occurred 


SSEP ELBOW ERB'S CORTEX | ELBOW ERB'S CORTEX 





at 30-120 seconds after deflation and lasted 75-120 A: 42D 84+ 16100+0100+0/3+64+102+4+6 
seconds. Tourniquet time was 41 + 11.4 minutes in a BE > = = = 
the volunteers who experienced RP compared to 28.3 L: Žž P 92 +21 -k -> |4+33+4 142 


+ 5.8 in those that did not. The L levels still 
significantly elevated at 5 and 10 minutes after 


D = Depression P = Prolongation 
deflation (Table 1) when RP was already gone. 


* Cannot be determined, A was abolished. 
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Introduction. Although children with reflex 
mpathetic dystrophy may improve with 
ənservative therapy,l there is a subgroup with 
were involvement who may benefit from 
mpathetic blockade. For children and 
lolescents, either sedation or general anesthesia 
i often required for adequate cooperation. 
‘sultant sleepiness or nausea following sedation 
ir multiple intermittent blocks impedes physical 


rerapy and behavioral treatments. Multiple 
ocks under fluoroscopic guidance produce 
gnificant radiation exposure. For these 


‘asons, we have used continuous sympathetic 
ockade via a catheter. There is brief mention 
| textbooks of continuous blockade in adults, 
t there are no detailed reports regarding 
‘chnique or outcome. 

Methods. Five patients, ages 11 to 19, were 
und to be refractory to aggressive conservative 
erapy and ware scheduled to have sympathetic 
ockade. Two had previously received 
termittent sympathetic blockade. Parental and 
tient informed consent was obtained, 
travenous sedation was administered. Following 
filtration with local anesthetic, needles were 
vanced in standard fashion2»35 to 6 cm lateral 

L2 and L3 spinous processes. Needle tip 
sition was confirmed by loss of resistance, 
ntrast injection, and flouroscopy. 

Instead of the over-the-needle catheters used 
eviously (which are easily placed but may 
ide, kink, or break), 20 gauge epidural 
theters (marked to 30 cm) were passed through 17 
uge 7 inch Tuohy-Weiss needles. Each catheter 
s advanced 2-3 cm past the end of the needle, 
e needle was withdrawn, depth was determined, 
d the catheters were secured. Following test 
sing and confirmation of blockade by skin 
Mperatures and clinical effect, repeat dosing 
upivacaine 0.25% 15-20 cc) was performed three 

four times daily for five to seven days. 
Results. Catheters were placed on 7 
casions in 5 patients, as shown in Table 1; The 
cedure produced sympathetic blockade 
3nsistent temperature rises of greater than 4 
jrees C, increased perfusion, and diminished 
alling) in every case. No complications 
curred. Catheter migration (defined 
2rational ly when injection produced an 
significant temperature rise) occurred on 3 
sasions. Initial placement of catheters at both 
and L3 permitted continued treatment via the 
ier catheter in these cases, obviating the need 
~ an additional needle procedure. Three of the 
fe patients achieved long-term relief of pain 
d good function. (One patient had a brief 
lapse which responded well to a second course of 
tinuous blockade. One patient has persistent 

in despite improved functioning after two 


courses of continuous blockade. 

Discussion. Continuous lumbar sympathetic 
blockade can be an effective treatment for 
refractory reflex sympathetic dystrophy in 
children and adolescents. In our view, use of 
paravertebral selective sympathetic blockade is 
preferable to continuous lumbar epidural blockade 
because of: (1) longer duration of sympathetic 
blockade following intermittent injection, (2) 
preservation of strength, sensation and normal 
micturition, and (3) confirmation of the clinical 
diagnosis with selective blockade. 

Patient acceptance of the continuous 
technique was better than that observed previously 
for 6 adolescents undergoing intermittent lumbar 
sympathetic blocks. If sympathetic blockade is 
chosen for children or adolescents, we recommend 
continuous blockade from the start. 
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able 1. Continuous Lumbar Sympathetic Blockade 


Patient 1 2 3 4 5 

Age (years) 15 19 14 11 16 

Site(s)* R foot R foot RA&LLE Lfoot Lankle 
& foot 

Prior Duration 5 32 4 12 7 

of Symptoms 

(months) 

Duration of 10 11 6 2 0.5 

follow-up 

(months) 

Prior/current 3/0 3/1 3/2 2/0 3/3 

pain severity™ 

Prior/current 0/3 0/2 0/1 1/3 0/0 

functional 

Tevel*** 

Time to achiev> 2/3 2/4 -/- 1/2 -/- 


minimal or no 2ain/ 
Time to achiev i 
good or excellant 
functional leyal 
{weeks) 


* R and L denoze right and left, respectiyely, LE denotes lower extremity; 
** pain is rated subjectively as: 0 - none, 1 - mild, 2 - moderate, 3 - 
severe; *** functional level is defined as 0.- unable to tolerate weight- 
bearing or tou=h, 1 - severe limp, 2 - normal gait but unable to run 
(good), 3 - able to tolerate vigorous exercise {excellent}. 
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Introduction: Extracorporeal shock wave lithotripsy 
(ESWL) is a widely used non-invasive alternative to 
surgical treatment of kidney and ureter stone 
disease. ESWL presents a unique anesthetic challenge 
both because it involves water immersion in the 
semi-supine position and stimulation from the 
treatment that can be ablated by lower levels of 
anesthesia than would be required for many other 
surgical procedures. ESWL allows for and demands 
greater flexibility in anesthetic management. This 
has lead to various anesthetic techniques (general 
anesthesia, epidural anesthesia(l1), intercostal 
nerve blocks, and narcotic/sedative) being 
successfully employed in selected groups of 
petients. General anesthesia is felt to offer the 
advantages of decreased respiratory motion (if “high 
frequency” ventilation is employed) which may allow 
the use of a lower number of shocks, as well as more 
rapid patient preparation time. No single anesthesia 
technique has proven superior. General anesthesia 
and water immersion may significantly reduce lung 
volumes and increase airway pressure. The effects of 
epidural anesthesia on pulmonary function has been 
documented, but the combined effects of epidural 
anesthesia and water immersion on lung volumes and 
flows have not been studied. We studied the effects 
of epidural anesthesia and water immersion on 
pulmonary volumes and flows. 


Methods: After approval of the Human Studies 
Committee and with patient permission, eight 
subjects were studies. Subjects ranged in age from 
39 to 65 years. All subjects were males. Four 
patients were smokers and four were non-smokers. 
Intercurrent medical illnesses included 
bronchospastic disease (one subject), ASCVD (two), 
hypertension (one), and NIDDM (one). The subjects 
weight ranged from, 62 to 120 kilograms. No 
perioperative cardiac or respiratory complications 
were noted. All patients received epidural 
anesthesia with a sensory level of at least T4 (to 
cold stimuli). Routine monitoring included 
continuous ECG, an automatic blood pressure ‘device, 
and pulse oximetry. Local anesthetics and techniques 
were used ` at the discretion of the 
anesthesiologists. Lung volumes and flows (FVC, 
FEV1, FEV 1/FVC, PEFR, and FEF 25-75) were measured 
in a semi-upright position (to simulate patient 
position in the ESWL gantry) before initiation of 
epidural anesthesia, after T4 sensory level was 
obtained and after water immersion with epidural 
anesthesia at T4 sensory level. The best values for 
each parameter from three successive spirometric 
attempts were chosen for analysis. The spirometer 
used was a Respiradyne Pulmonary Function Monitor, 
model # 5-7905. Í 


Results: FVC decreased in six of eight subjects, 
FEV l1 decreased in seven of eight, FEV 1/FVC 
decreased in five of eight, PEFR decreased in seven 
of eight, and FEF 25-75 decreased in five of eight 
subjects with initiation of epidural anesthesia 
and/or water immersion. (Refer to Figure 1) However, 


the changes between pre-anesthetic, T4 epidural 


anesthesia and water immersior did not reach 
statistical significances. There were no significant 
changes noted in oxygen saturation, respiratory 
rate, cardiac rate or rhythm, blood pressure, nor 
were subjective feelings of dyspnea reported. 


Discussion: General anesthesia entails significant 


reduction in lung volumes and increase in airway 
pressure. These factors may lead to increased 
perioperative morbidity(2,3) and nortality(4). Water 
immersion, a semi-supine position and epidural 
anesthesia were expected to produce significant 
decreases in measured pulmonary volumes and possibly 
in gas flows(5,6). Our preliminary results indicate 
a lack of significant changes in lung volumes and 
gas flows with epidural anesthesia both before and 
after water immersion. Thus, we were able to provide 
analgesia without altering selected lung parameter 
and this may represent an advantage of epidural 
anesthesia over general anesthesia during ESWL. 


FIGURE 1 


FLOW AND VOLUME CHANGES WITH 
EPIDURAL ANESTHESIA (E.A) AND WATER IMMERSION (W.I-) 
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Introduction. Central monoaminergic neurotransmis- 
ton exerts an important role in modulating the 
»pth of the anesthetic response. Earlier we 
monstrated that aminophylline (the A, adenosine 
itagonist) enhances noradrenergic neurotransmission 
id decreases anesthetic responsiveness~. The 
irrent study was designed to test the converse, 
e. to determine if L-phenylisopropyladenosine (L- 
‘A), a potent A, adenosine receptor agonist 
ihances the halothane-anesthetized state. Also, 
ie effect of L-PIA on neurotransmission in both the 
‘radrenergic and dopaminergic pathways was assessed 
ring halothane anesthesia. To determine if action 
ı central or peripheral adenosine receptors was 
‘sponsible for any observed change, separate MAC 
‘periments were performed with co-administration of 
e adenosine antagonist 8-phenyltheophylline (8-PT) 

8-sulphophenyl theophylline (8-So-PT; a polar 
rivative of 8-PT which does not cross the blood- 
ain barrier). 


Methods. Halothane MAC was determined in male 
Tague-Dawley rats (250-300g) as previously 
scribe“. One half of the responding and nonres- 


nding cohorts (n=8 each) received L-phenylisopro- 
ladenosine (L-PIA) 1 mg/kg i.p.; the other half 
ceived an equal volume of saline i.p.. MAC was 
termined x 2 at 30-min intervals. The involvement 
central and not peripheral adenosine receptors 
s tested by administering 8-phenyltheophylline (8- 
), 2.5 mg/kg and 8-sulphophenyltheophylline (8-So- 
), 30 mg/kg. These antagonists were injected 10 
n prior to L-PIA in additional MAC experiments. 
determine the effect of L-PIA on neurotransmis- 
on, rats were anesthetized with 1.2% halothane and 
ter 1 h, were injected i.p. with either L-PIA, 1 
‘kg (n=7), or an equivalent volume of saline 
=7). Neurotransmission in the respective pathways 
1 be measured by determining steady-state turnover 
¢ the monoamines in functionally and anatomically 
screte areas of rat brain. The rats were decapita- 
i after 60 min and the frontal cortex (FC), 
»pocampus (HI), hypothalamus (HY), midbrain (MI), 
julla-pons (MP), cerebellum (CE), Striatum (ST), 
i spinal cord (SC) were dissected. Norepinephrine 
13) and dopamine (DA) turnover in these brain 
sions was measured as previously described!, MAC 
-ues were compared for statistical significance by 
lysis of variance (ANOVA) for repeated measures. 
‘tistical differences in the ratio of the metabo- 
‘e dihydroxyphenylethylene glycol (DHPG), dihydr- 
Pphenylacetic acid (DOPAC) to the parent monoamine 
', DA respectively) concentration between the L- 
treated and control animals were compared by the 
aired t test for each brain region and a P -value 
<0.05 was considered the level for significance. 


esults. L-PIA treatment led to a 49% reduction 
MAC (Fig 1). This change was abolished by co- 


inistration of 8-PT, the Aq adenosine antagonist 
ch freely permeates the blood-brain barrier; 
treatment with 8-So-PT, the non-permeant Ay 
nosine antagonist, had no effect (Fig 1). 
adrenergic neurotransmission (reflected by the 
io of DHPG/NE) was significantly diminished 
lowing L-PIA treatment in all brain regions (Fig 
Dopaminergic turnover was unaffected. 


Discussion. Central adenosine receptors appear to 
mediate the L-PIA reduction of halothane MAC by 
decreasing noradrenergic neurotransmission. These 
data support the conclusion that noradrenergic 
neurotransmission is a critical modulator of the 
anesthetic =esponse. The results of this study 
provide implications for the use of adenosine, as 
well as drugs that alter its activity, in anesthe- 
tic settings. Thus the use of adenosine and ATP for 
induced hypotension may profoundly reduce MAC and 
increase the anesthetic response. Although dipyr- 
idamole inhibits adenosine metabolism, it would 
probably noz effect the anesthetic state due to 
its inability to penetrate the blood-brain barrier: 
Children with adenosine deaminase deficiency and 
patients treated with the adenosine deaminase 
inhibitor, deoxycoformycin for acute lymphoblastic 
leukemia would be expected to exhibit a decrease in 
halothane anesthetic requirements. 

References. 1. Louie GL, Prokocimer PG, Nicholls 
EA, Maze M: Aminophylline shortens thiopental sleep- 
time and enhances noradrenergic neurotransmission in 
rats. Brain Research 383:377-381, 1986 
2. Nicholls EA, Louie GL, Prokocimer PG, Maze M: 
Halothane anesthetic requirements are not affected 
by aminophylline treatment in rats and dogs. 
Anesthesiology 65:637-641, 1986 


FIG 1: Effect of adenosine agonists and antagonists 
on the MAC for halothane in rats 
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Introduction, Salmon Calcitonin (sCT) has been 
found to produce analgesia when injected IM, IV or 
Sc. In addition, subarachnoid (SA) and Epidural 
(Epi.) injections of sCT have provided analgesia in 
patients with oncological pain and post operative 
pain. (1,2,3) The present study was undertaken to 
evaluate the effectiveness of calcitonin for the 
management of patients with severe cancer pain and 
investigate the effectiveness of the Epidural route 
in patients who developed analgesia after 
Subarachnoid administration. 

Methods. After gaining approval from the 
Institutional Review Board and obtaining informed 
consent, nine patients were enrolled in the study. 
All patients had metastatic cancer and reported 
severe pain with failure to respond to traditional 
therapies. The patients pain level prior to drug 
administration was evaluated by having the patient 


mark a 10 centimeter Visual Analog Scale (VAS). PT 


and PTT were performed prior to injection and serun 
calcium levels were measured pre and post injection. 
The SA space was entered at the L,~L., interspace and 
100 units of sCT diluted in 5 nf. ar normal saline 
was injected slowly over one minute. The patients 
were asked to mark the VAS after the injection at 15 
minutes, 30 minutes, 1 hour, 12 hours and 
continuing every 12 hours until the pain returned to 
the original level. The patients who reported 
analgesia after the SA sCT were given an Epi. 
injection of 200 units of sCT diluted in 10ml of 
normal saline when their ‘pain returned to pre SA 
injection level. The patients were followed and 
their analgesia evaluated in the same manner until 
the pain reached the original level. The degree of 
pain relief was compared to pre treatment levels and 
differences were subjected to statistical analysis 
using the paired t-test. 

Results, Eight out of the nine patients (89%) 
reported significant analgesia after SA sCT. Some 
patients experienced pain relief for a short 
duration, while in others, pain relief lasted up to 
five days (see graph #1). When comparing post 
injection VAS to pre injection VAS, data showed a 
significant decrease in pain levels during the. first 
30 minutes and from 12 hours through 108 hours post 
SA sCT (see table #1). Four patients who had 
analgesia after the'SA sCT were given Epi sCT. Of 
these patients, 2 (50%) reported pain relief, one 
for four days, one for one day, and 2 patients had 
no relief. The other four patients who had relief 
after the SA sCT refused the Epi. injection due to 
the side effects of nausea and vomiting. Seven of 
the nine patients who received SA sCT reported 
significant nausea and vomiting. One patient had a 
focal seizure 12 hours after the SA sCT- injection 
with post ictal depression but recovered fully. 
Serum calcium levels post SA injection were 
significantly lower when compared: to- pre injection 
levels, Although the changes were statistically 
significant, they were too small to be of clinical 
significance (mean pre-injection 9.61 + .28; post 
injection 9.17 + .25). 


Discussion, Subarachnoid and Epidural Salmon 
Calcitonin produced significant analgesia in our 
study patients as had been previously demonstrated 
another studies (1,2,3). The exact mechanism of 
action is unknown, but it is considered that sCT may 
interfere with prostaglandin synthesis by inhibiting 
the enzyme cyclooxygenase and this results in less 
prostaglandin mediated hyperactivity in spinal 
neurons. In our study there was a 78% incidence of 
nausea and vomiting while in the studies of Fraioli 
et al. and Miralles et al. there was a 38% and 6% 
incidence respectively (2,3). It is unclear why our 
patients had such a high incidence of this side 
effect. The number of patients who received Epi. 
sCT was very small and it is not possible to make 
any significant conclusions but it appears that Epi 
sCT may not be as effective as SA sCT. SA sCT 
produces analgesia but in this study it was 
accompanied by significant nausea and vomiting. The 
patient who developed a seizure had cranial 
metastases and it was not possible to determine if 
this event was due to the SA sCT or attributable to 
other causes. Indeed, further research in a larger 
population of patients is needed regarding 
prevention of nausea and vomiting, evaluation of 
side effects and possible long term analgesia by 
Subarachnoid Calcitonin or the attainment of 
comparable pain relief and duration by the Epidural 
route. 

TABLE I 
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Introduction: Guanfacine (TENEX®) has been 
recently introduced as a centrally acting 
antihypertensive agent similar to clonidine but with 
far less sedation. Both agents are potent central 
alpha-2 adrenergic agonists. Clonidine has been 
shown to decrease halothane (50%)! and narcotic 
(40%)? anesthetic requirements while stabilizing 
hemodynamics. This study was undertaken to 
examine the hemodynamic effects and anesthetic 
requirement of acute guanfacine during halothane 
anesthesia in the dog. 


Methods: Eight mongrel dogs were induced by mask 
and intubated under deep halothane anesthesia. 
They were instrumented with a Millar micro- 
transducer-tipped catheter in the left ventricle to 
measure left ventricular end-diastolic pressure 
(LVEDP) and to derive dP/dt/P. A Swan-Ganz 
catheter was placed into the pulmonary artery for 
measurement of cardiac output (CO), central venous 
pressure (CVP) and core temperature. The femoral 
artery and vein were cannulated to measure mean 
systemic arterial blood pressure (MABP), and to 
allow blood sampling for catecholamine assays, and 
administration of fluids and drugs respectively. 
Halothane concentrations, pCO2 and pO2 were 
determined by Perkin-Elmer mass spectrometer. 
Heart rate was determined from ECG (lead II). All 
parameters (except CO) were continuously recorded 
on a multi-channel oscillograph. Standard methods? 
(tail clamping) were used to determine minimum 
alveolar anesthetic concentration (MAC). After at 
least. 1 hour of stabilization, control MAC was 
determined. Three doses iv. of guanfacine (50, 100, 
200 ug/kg) were given at 25 ug/kg/min. Thirty 
minutes following each dose MAC determinations 
were begun. After the final guanfacine dose, 3 dogs 
were given yohimbine, a selective alpha-2 
antagonist, and MAC was redetermined. 
Hemodynamic measurements were made and blood 
samples were taken prior to tail clamping. 
Hemodynamic values reported are the mean of the 
two values taken at the halothane levels which 
bracketed the MAC determination. All values 
reported are mean + standard error of the mean 
(SE). Analysis of variance for repeated measure 
followed by Bonferroni modified t-test was used to 
determine statistical significance. Statistical 
significance was assumed at p<0.05. 


Results: Control halothane MAC was 0.89 + .04% 
end-tidal concentration. Guanfacine reduced 
halothane anesthetic requirement by 10%, 25% and 
28% for the 50, 100 and 200 ug/kg doses 
respectively (Figure). At equipotent anesthetic 
levels, guanfacine administration resulted in an 
increase in MABP, systemic vascular resistance 
index (SVRI), CVP and LVEDP with a concomitant 
decrease in CO and dP/dt/P (Figure). Also, 
catecholamine levels, both epinephrine (EPI) and 
norepinephrine (NE), decreased significantly (p<0.01) 
to below detectable levels after an iv. guanfacine 
dose of 100 ug/kg. 


Yohimbine 300 ug/kg completely reversed the 
guanfacine-induced halothane anesthesia potentiation 
and returned all hemodynamic parameters to control 
levels. 


Discussion: The centrally acting alpha-2 adrenergic 
agonist clonidine has been demonstrated to 
potentiate both inhalation and narcotic 
anesthesia.? Guanfacine, a new drug in this class, 
is reported to cause less sedation and to have 
minimal alpha-1 adrenergic activity. Our findings 
show that guanfacine gave a smaller reduction of 
anesthetic MAC compared to clonidine. These results 
indicate that guanfacine, under the conditions 
described, increased rather than decreased MABP 
and SVRI. Both anesthetic sparing and hemodynamic 
effects were reversed by the selective alpha-2 
adrenergic antagonist yohimbine. 
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Introduction: The deliver of an adequate 
supply of oxygén is essential for normal brain 
function. To this end, cerebral blood flow (CBF) 
and cerebral oxygen delivery (CO2D) remain nearly 
constant over a wide range of perfusion pressures 
and arterial oxygen contents. Failure to provide 
adequate CO2D can produce clinically detectable 
brain dysfunction Py: CBF increases in response 
to hypoxemia thereby preserving CO2D. The mechan- 
isms producing this increase in CBF remain un- 
clear, but adenosine, a potent cerebral vasodila- 
tor, has been proposed as a potential mediator. 
Theophylline is a potent adenosine antagonist and 
blocks adenosine mediated cerebral vasodilation in 
animal models (2). If adenosine plays a major role 
in the human CBF response to hypoxemia, theophyl- 
line should limit the ability of the cerebral 
vasculature to respond, resulting in a diminution 
of oxygen delivery to the brain. 

While theophylline is a systemic vasodilator, 
it is a cerebrovascular vasoconstrictor. In 
customary therapeutic doses, theoph lline_ reduces 
resting CBF in patients with COP 03). If theo- 
phylline not only decreases resting CBF, but also 

nterferes with the cerebrovasodilatory response 

to hypoxemia, an essential compensatory mechanism 
would be lost, representing a clinically signifi- 
cant side effect from a commonly employed thera- 
peutic agent. 

We therefore studied, in five healthy adult 
volunteers, the effects of moderate hypoxemia and 
therapeutic doses of aminophylline on CBF and 


Methods: Written informed consent was obtained 
from each volunteer to participate in a protocol 
approved by our institutional research practice 


committee. All volunteers were males in good 
health. 

We continuously monitored arterial 02 satura- 
tion (5a02) with a pulse oximeter and end-tidal 
C02 (ETCO2) with a capnometer. Heart rate and 


rhythm were monitore continuously with an 
oscilloscope and rate-meter and blood pressure was 
determined by auscultation at hree-minute 
intervals. An intravenous catheter was inserted 
into a forearm vein and a tight fitting non- 
rebreathing face mask was applied through which 
the subject breathed during the entire study. 

The subject then lay supine with his head 
fitted into a helmet containing 16 cadmium- 
telluride gamma detectors (8 per hemisphere) 
placed over homologous brain regions corresponding 
with the international 10-20 electroencephalogra- 
phic electrode system. CBF, as CBF15, was measur- 
ed using the xenon-133 washout technique. 

All subjects underwent four consecutive cere- 
bral blood’ flow measurements during conditons of 
normoxemia and hypoxemia, before and after theo- 
phylline administration. Theophylline was ad- 
ministered as aminophylline, its ethylene diamine 
salt. Each CBF measurement required eleven minutes 
and was made in a quiet, darkened laboratory. CBF 
was first measured (N) during normoxemia with the 
subject breathing room air after a 20-minute 
acclamation period to accomodate to the instrumen- 
tation and laboratory surroundings. The second 
measurement H) was made during inhalation of an 
gxygen/ nitrogen mixture adjusted to maintain an 
Sa of 802. The subjects were permitted 15 
minutes for equilibration while breathing the 
hypoxie mixture before measurement .of CBF. uring 
the third measurement of CBF (AtN), subjects 
breathed room air following an infusion of 6 ng/kg 
aminophylline. We made the fourth CBF measurement 
(AtH) “after minutes of maintaining the 
subject's Sa02 at 80% and within 40 minutes of 
aminophylline loading. Hypoxemia can increase 
minute ventilation leading o hypocapnea which, in 
turn, decreases CBF. eretore, durin the 
hypoxemic phases of the study, CO2 was added to ` 


the inspiratory ases to match the ETCO2 present 
during the preceding normoxemic phase. 

COZD was calculated and Szpresseďd as a percent 
of the normoxemic value (CO2DZ): 

CO2D%Z = (Sa02 x CBF) / (Sa02 x CBF)normoxemia 

A repeated multivariate analysis of variance 
was performed to test for an overall time effect 
for EBF, C02DZ, Sa02, ETCO2, HR, and MAP. When a 
significant time effect was detected paired 
t-tests were conducted to assess specific dif- 
ferences of interest. 


Results: The figure displays mean (+SE) CO2DZ 
for each stud condition. BF (mean + SE 
increased significantly from N to H (43.8 + 3.6 
to 51.3 + 5. m1/100g/nin3 Poses . This increase 
in CBF served to preserve CO2D%Z during hypoxemia 
at normoxemia levels (p>.3). Following 
aminophylline there was a significant reduction 
in normoxemic CBF (30.1 + 2.0; p<.003) and CO2DZ 
(pe 0L The induction of hypoxemia augmented CBF 

+H CBF = 40.7 + 3.4; p<. 02). Despite this 
increase, the AtH CO2D% fel significantly below 
the CO2D% during H (p<.05). 


Discussion: In hypoxemic as in normoxemic man, 
aminophylline decreases CBF and, therefore, 
reduces CO2D. In usual clinical doses, aminophyl- 
line, a potent adenosine antagonist, does not 
prevent the hypoxia-related increase in CBF but 
the absolute levels of CBF and C02) are reduced. 
This represents a potentially significant inter- 
ference with an` importan physiologic 
compensatory mechanism by a commonly used 
therapeutic agent. 
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Introduction. Mivacurium (BW B1090U), a short- 
acting nondepclarizing neuromuscular blocking agent, 
is efficacious as an infusion (1,2). We determined 
the infusion rates of mivacurium required to maintair 
a near steady state of neuromuscular blockade in 
children during nitrous oxide-halothane and nitrous 
oxide-narcotic anesthesia. 

Methods. Thirty-one children (ASA status I-II) 
between 2 and 12 years old, having low risk elective 
surgical procedures were studied. The study was 
approved by the Human Rights Committee of the 
Children's Hospital of Pittsburgh; informed consent 
was obtained from a parent. No patient received 
aminoglycoside antibiotics or antihistamines within 
48 hours of the study. The patients were divided 
into two groups; those receiving nitrous oxide- 
halothane (HAL; N=10) and those receiving nitrous 
oxide-narcotic anesthesia (BAL; N=21). The children 
in the HAL group were not premedicated. Anesthesia 
was induced with nitrous oxide (70%), oxygen (30%) 
and halothane (up to 4% inspired). An intravenous 
catheter was placed and atropine (10 pg/kg) was 
given. End-tidal halothane concentration was 
adjusted to 0.3 + 0.05%; fentanyl (1-3 ug/kg) 
was given as needed. The cnildren in the BAL group 
were premedicated with diazepam (0.1-0.2 mg/kg) by 
mouth. Nitrous oxide was administered by mask, an 
intravenous catheter was placed, and thiopental 
(4-10 mg/kg), diazepam (0 to 0.2 mg/kg), and fentanyl 
(2-6 ug/kg) were given. Anesthesia was maintained 
with nitrous oxide (70%) and fentanyl. 

The ulnar nerve was stimulated supramaximally 
with repetitive trains-of-four stimuli (2 Hz for 2 
sec at 10-sec intervals) at the wrist with surface 
electrodes. The evoked compound electromyogram of 
thumb adduction was recorded using a Puritan 
Bennett/Datex monitor. The degree of neuromuscular 
block was described as percent of control in that 
the height of the first train-of-four response (T1) 
was compared tc the control EMG height. Blood was 
obtained for measurement of pseudocholinesterase 
activity (PA) and dibucaine number. 

An IV bolus dose of nivacurium was administered; 
neuromuscular tlock was observed. A second bolus 
dose was then administered to establish 100% block. 
After recovery to 5% of baseline, an infusion of 
mivacurium (0.5 mg/ml in 5% dextrose) was begun 
at 10 ug/kg/min and titrated to maintain 89% to 99% 
neuromuscular blockade. The infusion rate required 
to maintain blockade in the desired range was 
calculated for each patient. Spontaneous and 
neostigmine induced recoveries were recorded. T25- 
T75 was the time in which the first twitch in the 
train-of-four recovered from 25% to 75% of baseline. 
T4/T1 > 0.75 was the time from the termination of 
infusion to the time train-of-four ratio was greater 
than 75% during spontaneous recovery. Recovery was 
referenced to final baseline. 

Standard errors (SEM) are shown for all mean 
values. Differences in the mean values were compared 
by t-test. Regression analysis was used to identify 
factors varying with infusion rete. Statistical 
differences were considered significant at P < 0.05. 


Results. There were no significant differences 
betweer the groups with respect to age or body 
surface area. Normal PA was 2.5-7.1 U/L and normal 
percent inhibition by dibucaine was 70-95%. No 
patients had low PA. One patient had a subnormal 
dibucaine number (60% inhibition with a PA of 5.2 
U/L) and an infusion requirement of 15.3 1g/kg/min. 
Two patients in the HAL group had abnormally high 
PA (7.5 and 10.6 U/L) and infusion requirements of 
21.8 and 37.6 ug/kg/min respectively. When these 
three patients were removed from the analysis, 
there was a statistically significant difference 
between infusion requirements with anesthetic back- 
ground using a one tailed t-test only (Table 1). 
There was a statistically significant positive 
relationship between infusion rate and PA (R=0.76) 
considering all 31 patients. 

The spontaneous recovery parameters were also 
similar in the two groups (Table 1). Spontaneous 
recovery of the initial stwitch to 95% of baseline 
occurred within 9 to 14 minutes of the end of the 
infusion. Neostigmine (0.05-0.06 mg/kg) was given 
to eighs patients 2 to 7 minutes after termination 
of the mivacurium infusion, when T1 was at least 13% 
(average recovery 25%). Th4/T1 increased to 75% 
within 1.2 to 2.8 minutes after administration of 
neostignine. 

Discussion. In this study the mivacurium 
infusion requirement was slightly less during 
nitrous oxide-halothane anesthesia than during 
nitrous oxide-narcotic anesthesia. Infusion 
requirement was related to PA under both 
anesthetic conditions. The average infusion rate 
requireé to maintain 89%-99% block in children 
under nitrous oxide-narcotic anesthesia is greater 
than the rate previously reported by us in adults 
during ritrous oxide-narcotic anesthesia (3). 
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Table l» Neuromuscular Effects of Mivacurium 


X + SEM 
_ (range) 
Infusion Length of T25-7T5 Th/T1 > 0.75 
Rate Infusion 
ug/xzg/min min min min 
HAL *12 +2 4l +6 3-4 + O04 9.9 + Osh 
(5-19) (10-80) (1.8-4.5) (8.8-10.5) 
N=8 N=10 N=6 N = 
BAL *16 +1 50 +7 4.0 + 0.3 10.5 + 0.6 


(3-31) (17-137) (2.6-6.2) (7.5-15.2) 
N = 20 N = 21 N= 12 N= 12 


*Statistically significant differences; 
one tailed t-test 
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A new formulation based on the eutectic mixture of the 
local anesthetics lidocaine and prilocaine (EMLA) has 
become available for clinical testing in the United States. 
The compound has been previously tested in Europe on 
adults and premedicated children. The purpose of this 
study is to evaluate the efficacy of skin analgesia produced 
by EMLA for preoperative venous cannulation in a group of 
otherwise healthy, unpremedicated children. 

Methods: Institutional approval and parental consent 
were obtained for this open-label, non-randomized study. 
Twenty-two ASA PS I unpremedicated children ages 7-12 yrs 
agreed to participate in the study. EMLA 5% cream (2.5 
gm) was applied to the skin overlying a preselected vein can 
the dorsum of one hand and covered with an occlusive 
dressing (TEGADERM). After at least 60 minutes, the 
cream was removed and the skin inspected for changes or 
reactions. The quality of analgesia produced by the EMLA 
cream was tested by making a "nick" on the dorsum of the 
hand with the bevel of a 19 gauge needle. This was followed 
by the insertion of a 20 gauge intravenous (iv) catheter 
(Cathlon IV) into the underlying vein. The pain response of 
the child to these events was subjectively assessed by the 
anesthesiologist performing the cannulation and objectively 
quantitated by both an independent observer and the child, 
using a 0-10 visual analogue pain scale (figure). 


LINEAR ANALOGUE PAIN SCALE 


E iati 
No Pain ete 
1 


In addition, the degree of cooperation obtained from each 
child was rated by the observer using a 5 point scale (1-fully 
cooperative; 5-combative, required restraining). The skin 
was again examined for any reaction either when the 
intravenous cannula was removed, or 4-6 hours following 
EMLA application if the iv was still in place. For 
comparison, the pain ratings for the EMLA children were 
contrasted with those observed in a matched control group 
of 20 children in whom preoperative phlebotomy. was 
performed with a 23 GA needle without any form of skin 
analgesia. Differences in the response of the children to the 
EMLA venipuncture and standard phlebotomy were 
examined. The data was analyzed using Spearman's rank 
correlation to compare agreement between the 
corresponding pain scores awarded by each patient and the 
observer. The Wilcoxon rank sum test was used to compare 
differences between the observer's, and the patient's 
assessment of pain intensity during cannulation and/or 
phlebotomy. 

Results: The two groups did not differ in regards to age 
(mean 9.7 yrs) and there was no correlation between age and 
pain scores. It was the opinion of the anesthesiologist 
performing the venous cannulations following EMLA 


application that all, except one child, in this group had 
topical anesthesia. When the children rated their own pain, 
the two groups had identical median analogue pain scores of 
3 (range 0-10). The observer rated the median pain score 
associated with EMLA venous cannulation at 0.5 (range 0-8), 
while that associated with phlebotomy was 1.0 (range 0-2). 
These differences are not statistically significant. The 
children in both groups rated their pain and discomfort 
significantly higher than did the observer (p < .001). 
Cooperation ratings were identical for the two groups, with 
a median score of 1.0 (range 1-5). One nine year old child 
became agitated and diaphoretic immediately following 
application of the EMLA cream to her hand. This child was 
removed from the study and sent to the lab for routine 
phlebotomy where she once again became agitated, 
diaphoretic, and syncopal. Another EMLA child was 
removed from the study following application of the cream 
because the starting time of her surgery was moved up due 
to the cancellation of a previous case; thus, there was not 
sufficient time to permit the optimal 60 minute EMLA 
contact period. All the remaining EMLA patients had 
effective analgesia for their venous cannulation. However, 
one of these children was troubled by itching and another 7 
sustained transient blanching of the skin over the EMLA 
contact area. Both problems resolved spontaneously and no 
treatment was required. There were no residual skin 
reactions at the time of iv removal in any of the children. 
The skin area where EMLA was applied continued to retain a 
greasy quality following removal of the cream with a tissue 
and alcohol. This condition made it necessary to pay special 
attention to the taping of the iv cannula in order to avoid 
accidental dislodgment. . 

Discussion: Many attempts have been made to obtain a 
suitable formulation of local anesthetics which will produce 
effective topical anesthesia, and therefore allow painless 
venous cannulation in awake unpremedicated children. 
When mixed in equal amounts, the solid pure bases of 
lidocaine and prilocaine constitute a eutectic mixture, 
which forms an oil at temperatures greater than 16°C. 
EMLA cream is an oil-in-water emulsion of these two bases. 

It is our conclusion that EMLA cream produces effective 
topical anesthesia and alleviates the physical component of 
pain associated with venous cannulation and blood drawing 
in awake unpremedicated children. Objectively the pain and 
discomfort associated with 20 GA venous cannulation was no 
more intense than that associated with routine phlebotomy 
using a much smaller needle. Childrer rated the discomfort 
associated with these events significantly higher than did 
the observer. This may be due to the emotional component 
of pain perception, which is not altered by the use of skin 
analgesia. 

Since 60 minutes contact time is required for EMLA to 
become fully effective, should the anesthesiologist fail to 
successfully cannulate a previously prepared vein, re-use of 
EMLA becomes impractical. 
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Tonsillectomy is often associated with significant 
intraopgrative bleeding and postoperative pain. Boliston and 
Upton 1) showed that local infiltration of lidocaine 0.5% and 
epinephrine 1:400,000 in the peritonsillar bed of adults 
undergoing tonsillectomy under general anesthesia resulted 
in greater ease in dissection and a significant reduction in 
operative blood loss. These authors did not evaluate the 
effect of peritonsillar infiltration upon postoperative pain 
relief. This study examines the effects of peritonsillar 
infiltration with three different solutions upon 
intraoperative blood loss and postoperative analgesia in 
children undergcing tonsillectomy. 


Methods: The study was approved by the Institutional 
Research Committee, and informed consent was obtained 
from all parents. We studied forty-two unpremedicated 
ASA PS I children between four and twelve years of age who 
were undergoing tonsillectomy. Anesthesia was induced 
either with intravenous thiopental 6.0 mg/kg or by 
inhalation of nitrous oxide, oxygen, and halothane. Monit ass 
included a precordial stethoscope, Dinemapp 
oscillometer, electrocardiogram, and axillary temperature. 
[In addition, end-tidal carbon dioxide was monitored and 
maintained at 37 + 2 torr throughout surgery. Anesthesia 
was maintained with nitrous oxide 70%, oxygen 30% and 
isoflurane 0.5 to 3%. Following intubation, a throat pack 
was placed in order to account for blood loss, which would 
otherwise have gone unrecognized because of gravitation 
into the stomach. Morphine sulphate 0.05 mg/kg and 
glycopyrrolate 0.01 mg/kg were administered intravenously 
prior to commencing surgery. 


For the purpose of infiltration, patients were randomly 
assigned to one of four groups. Children in Groups 1, I and 
TI had their peritonsillar region infiltrated with the contents 
af a coded vial containing either bupivacaine 0.25% with 
2pinephrine 1:200,000, normal saline with epinephrine 
1:200,000, or normal saline. The maximum volume allowed 
to be injected in these children was 0.5 cc/kg. Group IV 
children had no infiltration (control). Blood loss was 
zarefully measured by weighing the throat pack and sponges 
and by determining the volume of shed blood in the suction 
dottle with a graduated cylinder. Following awake 
2xtubation at the end of surgery, patients were observed for 
50 minutes in the recovery room by a blinded observer and 
she severity of their pain was evaluated with an objective 
zen point pain scale. The objective scale equated the 
severity of pain with blood pressure elevation, crying, 
2xcitement, anxiety level and verbal reports of pain using a 
scale of 0-2 for each of the five categories. Morphine 
sulfate 0.05 mg/kg I.V. was administered in the recovery 
‘oom if the patient complained of pain or if a pain score of 
5 or more points was obtained on two consecutive five 
ninute observations. On the ward, children were medicated 
vith oral codeine elixir 0.5 mg/kg PO @ 2-3 hours prn. The 
:otal amount of morphine administered in the recovery room 


and codzine given on the ward during the first 12 
Postoperative hours were recorded, and the differences in 
the amounts required by each group were compared by chi 
square aralysis. Differences in blood loss among the groups 
were compared using analysis of variance. 


Results: The control group lost two to three times 
more blood than did the experimental groups (Table). There 
was no difference in the reduction of operative blood loss 
between the two drugs containing epinephrine (Group I and 
II). ‘Group I and Il were significantly better than saline 
alone, (Group III), in reducing intraoperative blood loss 
(p < .01). However, saline infiltration (Group III) did 
significantly reduce operative bleeding when compared to 
controls (3< .001). 


There was no significant difference in either pain 
scores or morphine and codeine requirements among any of 
the groups. There was no postoperative bleeding in any 
patient. 


‘OPERATIVE BLOOD LOSS AS % OF EBV* 





Group | Group II Group Ill 


Bupivacaine Saline Saline Control 
with EPI with EPI 
1:200,000 1:200,000 


N=10 N=10 N=10 N=12 
Mean Loss 1.50 + .38 1.47 + .48 2.40 + .16 4.62 + .43 


+ SEM 


*Estimated blood volume (EBV) = 70 cc/kg 


Discussion: The operative blood loss associated with 
tonsillectomy can be reduced by using epinephrine 
infiltration. It can also be reduced by injecting volume 
(saline) into the peritonsillar region. We speculate that the 
solutions injected into the plane of dissection between the 
tonsillar capsule and pillar compressed vascular structures 
and thus reduced operating blood loss. Rupivacaine did not 
appear to provide significant postoperative analgesia. All 
groups required similar amounts of morphine and codeine for 
postoperat.ve pain relief. We are unable to explain why 
tonsillectomies in adults can be performed with only local 
anesthetic infiltration and intravenous sedation, yet in 
children using a similar technique we obtained no objective 
postoperative pain relief. ` 
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Introduction. Lidocaine, 2%, is commonly used for 
epidural anesthesia for cesarean section, with 
1:200,000 epinephrine added to decrease serum 
lidocaine concentrations and improve analgesic 
efficacy. The use of epinephrine in obstetric 
patients is controversial, however, because of its 
potential adverse effects on uterine blood flow. 
This study, therefore, was designed to determine the 
minimum effective concentration of epinephrine in 
cesarean section patients. Serum lidocaine levels, 
analgesic efficacy, and neonatal status were 
evaluated following epidural administration ‘of a 
standard dose of 2% lidocaine with different 
concentrations of epinephrine. 


Methods. Forty term parturients scheduled for 
elective cesarean section under epidural anesthesia 
were divided into four groups. Patients were 
randomly assigned to receive 20 ml of 2% lidocaine 
with epinephrine concentrations of either: 0 (plain); 
13400,000; 1:300,000; or 1:200,000. Solutions were 
freshly prepared and injected incrementally at the 
L3-4 level, via the needle, in a double-blind 
fashion. Supplemental analgesia was provided with 3% 
2-chloroprocaine as necessary. Serum lidocaine 
concentrations were measured by radioimmunoassay 
(sensitivity + 0.02 ug/ml) in maternal blood sampled 
from a large antecubital vein at: 0, 5, 10, 15, 20, 
25, 30, 40, 50, 60, 75, 90, and 120 min following 
drug administration, and at delivery. Umbilical 
artery (UA) and vein (UV) lidocaine levels were 
measured in blood sampled from a doubly clamped 
segment of umbilical cord. Block characteristics 
were evaluated and side effects noted. Neonates were 
assessed using Apgar scores, cord blood gas analyses, 
and neurobehavioral testing (NACS) at 15 min, 2h, 
and 24 h of age. The study was approved by the 
Institutional Review Board and informed consent was 
obtained from all subjects. Data were analyzed with 
Anova, Chi square, and Kruskal-Wallis tests as 
appropriate. A p value of <0.05 was considered 
Significant. 


Results. The groups were similar with respect 
to age, height, weight, and gestational age. There 
were no significant differences with respect to mean 
or peak maternal lidocaine concentrations, time to 
peak concentrations, UA and UV lidocaine concentra- 
tions, and UV/MV ratios at delivery (fig; table). 
Onset of block was faster. with 1:400,000 and 
1:300,000 epinephrine (4.5-4.7 + 0.5 min, mean + SEM) 
than with 1:200,000 epinephrine (6.5 + 0.7 min; 
p<C.05) or plain lidocaine (6.0 + 0.6 min). Patients 
in the plain lidocaine group required significantly 
‘more supplemental chloroprocaine (13 + 2ml) to 
obtain adequate analgesia than did those in the 
epinephrine-containing groups (5-7 + 2 ml; p<0.05). 
The .incidence of hypotension was similar and neonatal 
outcome was equally good in all groups. 


Discussion. In the present study. epinephrine 
did not decrease serum lidocaine levels, although it 
did improve analgesic efficacy. In non-pregnant 
patients, serum concentrations following administra- 
tion of. .a..standard dose _of. lidocaine were...decreased 


when epinephrine was added.! In pregnant patients, 
Similarly decreased lidocaine levels have been 
reported with epinephrine;2»3 however, smaller total 
doses of lidocaine were administered to Patients who 
received epinephrine-containing rather than plain 
solutions, probably reflecting better analgesia with 
the former mixtures. The failure of epinephrine to 
reduce lidocaine concentrations in the current study 
may be due to decreased responsiveness to vasocon- 
strictors during pregnancy. It is not clear why 
analgesia was improved with epinephrine. However, 
it may be due to an anti-nociceptive effect mediated 
by alphaj-adrenergic stimulation at a spinal level. 
Our data suggest that maternal and fetal toxicity is 
unlikely to occur with 20 ml of 2% lidocaine and 
that epinephrine concentrations need not exceed 
13300,000 to 1:400,000. 
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Introduction. Epidural narcotics and patient 
controlled analgesia (PCA) are said to be superior to 
IM narcotics for the relief of postoperative pain. 
Although all three techniques can result in impaired 
responsiveness to COs, their propensity for causing 
clinically significant hypoxemia has not been 
adequately investigated. In a recent study of oxygen 
saturation (Sao) following epidural morphine and IM 
narcotics, Choi et al.l documented brief periods of 
desaturation, out no significant differences between 
the groups. In that study, ! however, the low alarm 
on the oximeter was set at 85%, which might have 
foreshortened periods of severe desaturation by 
arousing the patient and thereby stimulating respira- 
tion. Since we were not aware of studies reporting 
Sa0p following PCA, the current study was designed to 
compare the incidence and severity of desaturation 
episodes in post-cesarean section patients following 
epidural morphine, PCA, or IM narcotic analgesia. 


Methods. The study population consisted of 
healthy, non-obese, term parturients who had 
undergone elective cesarean section with lidocaine or 
bupivacaine epidural anesthesia. For postoperative 
analgesia, patients received either: epidural 
morphine, 5 mg, (n=21); PCA meperidine via the Abbott 
Lifecare PCA Infusor (n=16); or IM meperidine (n=6). 
The latter two treatments were administered according 
to the usual regimens prescribed in the institution. 
Sa0p was measured for the first 24 h after operation 
with a Nellcor N-100 pulse oximeter (with the alarm 
inactivated) using a sensor taped to the patient's 
toe. In addition, respiration was monitored inter- 
mittently by a nurse according to routine hospital 
protocols. No patient received supplemental oxygen. 
Sa02 data were collected and stored continuously 
(except when the patient was ambulant) via an 
interface connected to a Compaq computer. Desatura- 
tion episodes (defined as lasting at least 30 sec) 
were identified after carefully eliminating 
artifacts. For analysis purposes Sa0ọ was divided 
into five categories: 95-100%, 90-95%, 85-90%, 80- 
85% and <80%. The total time of monitoring, the 
cumulative time in each category, the number and 
duration of desaturations, and the minimum Sa0p were 


recorded for each patient. Data were analyzed using © 


one way ANOVA, Kruskal Wallis, and Chi-Square tests 
as appropriate. The study was approved by the 
Institutional Review Board and written informed 
consent was obtained from all participants. 


Results. The groups were similar with respect to 
age (30 + 2 - 33 + 1 yr; mean + SEM), height (163 + 1 
- 165 + 5 em), weight (70 +2 - 75 + 3 kg), and total 
time monitored per patient (958 + 45 - 1105 + 89 
min).  Sa0p was above 95% for the majority of the 
monitored period (table 1). However, patients in all 
groups spent a considerable proportion of the time 
with SaO? at 90-95%, with PCA patients spending the 
most time in this category (p <0.05 PCA vs. 
epidural). Briefer periods were spent with SaQo less 
than 90%, with no significant differences among the 
groups (table 1). Episodes of desaturation to iess 


than 85% were common in all groups (table 2). The 


mean minimum SaQ> was lowest in the epidural 
group ‘p <0.05 epidural vs. PCA; table 2). The 
lowest individual Sa0o recorded in each group was: 
epidural - 65%; PCA ~ 75%; and IM — 81%. Severe and 
prolonged desaturations occurred in one patient in 
each of the epidural and the PCA groups (Sa0p <85% 
for 3.5 min, and 2.5 min, respectively). 


Discussion. These data demonstrate decreases in 
saturation with all three analgesic regimens. “Mild 
desaturation existed for about 25% of the monitored 
period with PCA, whereas shorter periods of more 
severe desaturation occurred with epidural morphine. 
Our results do not support adopting unique respira- 
tory monitoring protocols for patients receiving 
epidural narcotics. Rather, they suggest that all 
patients should undergo more intensive surveillance 
in the first 24 h postoperatively. An alternative 
hypothesis is that our data, although accurate, may 
not reliably predict outcome. We believe that 
informed decisions regarding appropriate monitoring 
practices must await the results of large scale 
studies of the morbidity and mortality associated 
with these newer techniques. 
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Introduction. Patients at risk for aspiration 
pneumonitis often present for coronary artery 
bypass grafting (CABG). In this circumstance, a 
safe, simple, rapid sequence induction technique 
incorporating succinylcholine (SC) would minimize 
the time between loss of consciousness (when the 
patient's airway is unprotected) and tracheal 
intubation. 

Both etomidate (E) and sufentanil (S) minimally 
depress cardiovascular function in critically ill 
patients (1-3). In this study, we compare the 
hemodynamic and electrocardiographic consequences 
of anesthesia induction (and intubation) with E or 
S and SC in randomly-assigned, elective CABG 
patients. 


Methods. Following approval of our protocol by 
the Human Research Committee, 20 consenting 
patients electively scheduled for CABG were 
randomly assigned to receive either E (0,4 
mg-kg ) or S (5 meg*kg ) with SC (1 mgekg’ ) 
i.v. for induction of anesthesia. To prevent 
skewing of data, patient exclusion criteria 
included: ejection fraction (EF) < 40%, age < 18, 
pregnancy, medical conditions contraindicating any 
of the study drugs (e.g., malignant hyperpyrexia 
susceptibility), myocardial infarction within 7 
days, or the need for a pacemaker or a vasoactive 
drug infusion prior to induction of anesthesia. 

Ninety minutes after standard 
morphine/anxiolytic premedication, patients were 
brought to the operating room for placement of 
i.v. and radial artery cannulae, as well as a 
thermodilution pulmonary artery catheter. Fluid 
was infused i.v. to raise the pulmonary artery 
diastolic pressure to > 10 mm Hg prior to 
induction. Following baseline measurement of 
systemic arterial, pulmonary arterial and central 
venous pressures, and cardiac output, continuous 
strip chart recording of ECG leads II and V 
began. Oxygen was administered by face mask for 3 
min., all measurements were repeated immediately 
prior to intubation which occurred exactly 1 min 
following induction with either E or S and SC, 
then again 3 and 6 min following induction. If 
heart rate were > 95 or < 40, MAP rose or fell by 
50% or more, or ST segments rose or fell > 1 m in 
any lead (at any time following induction), we 
administered metoprolol, atropine, nitroprusside, 
phenylephrine, or nitroglycerin, respectively. 
The combination of tachycardia and hypertension 
resulting from "light" anesthesia Kelas treated 
with incremental doses of S (1 mcg: Bu") Anes- 
thesia in all patients was maintained (after the 
study) with up to 10 mcg-kg © S (total cumulative 
dose) S supplemented with metocurine/pancuronium 
and lorazepam (up to 2 mg i.v.). 

A cardiologist (RLR), unaware of the patient's 
treatment group evaluated all ECG tracings. 
Significance of results was assessed using paired 
t-test, analysis of variance, or Fisher's exact 
test, where appropriate. 


Results. The two treatment groups did not 
differ in regard to: age, sex, LVEDP, EF, pre- 


operative treatment with beta or calcium channel 
blockers, or baseline hemodynamic measurements. 
Following induction, mean hemodynamic values again 
did not differ significantly between the 2 groups 
at the time periods reported (Table 1). However, 
8 of 9 E patients required drug intervention 
(following the protocol described above) - usually 
immediately following intubation - whereas only 
one of 11 S patients required treatment with an 
additional drug (p < 0.001). In addition, 3 of 9 
E patients showed new ST - segment -signs of 
ischemia whereas none of 11 S patients in this 
study (p = 0.07) (or 7 others identically managed 
in a companion study) had new evidence of 
ischemia. No patient in either group showed new 
q-wave signs of an infarct on postoperative, 12 
lead ECGs. One (E) patient had vague 
recollections of intraoperative noises; no other 
patient recalled intraoperative events. 


Discussion. Any induction technique used 
during open heart surgery should have favorable 
hemodynamic effects, should have a minimal number 
of predictable side effects, and should not induce 
ischemia. Additionally, the care of patients at 
risk for pulmonary aspiration of gastric contents 
is compromised when the anesthetist must divert 
his attention from the airway- to manage 
unexpected, adverse hemodynamic and electro- 
graphic complications. S unlike E produced 
predictably favorable hemodynamic values when 
combined with SC for rapid sequence induction. 
While both drug combinations produced acceptable 
mean hemodynamic values at the time periods 
reported, the combination of E with SC required so 
much ill-timed "fine tuning" that we cannot 
recommend its use for similar patients. Moreover, 
we felt ethically bound to stop randomizing 
patients to that drug combination after reviewing 
these results. 
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Table 1. 
HEMODYNAMIC RESPONSE TO RAPID SEQUENCE INDUCTION 


GROUP BASELINE l min 3 min 6 min 


MAP E 95(14) 86(25)7 101(43) , 81(14) 
(mg) s 98(17) 82(11) 86(12)" 90(12) 
HR E 68(17) 77(21) 79(20) 68(16) 
(mmHg) S 59(11 60(14) 61(12) 61(14 
co E 5.8(1.0) 6.1(1.1) 6.6(1.9) 5.5(1.1) 
(L/min) S 4.8(1.2) 4.6(1.2) 5.0(1.5) 5:1(1.6) 
PCW E 13(4) 15(6) 15(11) 14(7) 
(mmHg) S 13(3) 14(4) 13(4)  14(4) 


Mean (SD) 
p < 0.05 compared with control values 
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INTRODUCTION: Spread of local anesthetic solutions 
in pregnant women undergoing epidural anesthesia is 
controversial.Exaggerated spread as compared to non- 
pregnant patients has been described by authors(1,2) 
using local anesthetic associated with epinephrine 
1:200,000, while no such difference has been noted 
by authors using plain solutions (3). It is our 
impression that epinephrine could contribute to this 
controversy. 

METHODS: The Clinical Research Committee approved 
the protocol. 0.75% or 0.5% bupivacaine,in the fixed 
dose of 150 mg, containing or not epinephrine 
1:200,000, were injected at a rate of 1 ml/s via a 
15 gauge Tuohy needle into zhe epidural space of 156 
pregnant (cesarean sections) and of 156 non-pregnant 
(gynecological operations) patients under 40 years 
2f age. Injections were perZormed at L2-L3 to L4-L5 
interspaces with patients in the sitting position. 
All patients were placed supine, with manual left 
iterine displacement in the pregnant group. Thirty 
zo fourty minutes after injection, anesthesia levels 
vere determined by absence of pain to pinprick, 
tested in the midclavicular line on both sides. To- 
tal number of blocked segments included 5 sacral, 5 
Lumbar and a variable number of thoracic dermatomes. 
Jata were compared with Student's t-test for unpai- 
red samples. 

RESULTS: Age, height and weight (pre-pregnancy for 
the pregnant group) were similar in all groups 
(Table I). Total number cf spinal segments were 
similar for the pregnant and non-pregnant patients 
receiving 0.5% and 0.75% bupivacaine plain. More ex- 
tensive epidural anesthesia was observed in pregnant 
patients, however, when 0.5% and 0.75% bupivacaine 
vere associated with epinephrine 1:200,000 (ps0,01). 
JISCUSSION: In previous work, epinephrine 1:200,000, 
out not 1:400,000, has shown to increase 0.75% bupi- 
yvacaine spread in the epidural space of patients 
indergoing cesarean section (4), probably related to 
a reduction in the total amount of drug transferred 
zo the central compartment (5). The present results 
further reinforce the important role of epinephrine 
luring pregnancy. An increased spread of anesthesia 
vas demonstrated in the pregnant group only when 
).5% or 0.75% bupivacaine were associated with epi- 
iephrine 1:200,000. It is our opinion that epine- 
ohrine has to be considered as a factor that can 
affect physical spread of local anesthetics within 
the epidural space, specially during pregnancy and 
that, it could contribute to the above mentioned 
tontroversy. We also believe that although these 
lifferences were observed, the recommendation for 
ceducing the epidural dose of local anesthetic in 
the pregnant patients when compared to non-pregnant 
patients could lead to unsucessful clinical anesthe- 
sia. 








Table I 
Bupi- N G Weight Height Age Spinal 
vac. (kg) (m) (yr) Segments 
Blocked 
-50ZP 24 N 55.5+9.0 1.54+.06 31.6+5.8 16.7+2.0 
-50ZP 24 Y 57.74+11.7 1.63+.06 27.8+4.1 17.24+1.6 N.S. 
-50ZE 44 N 56.1+9.3  1.58+.07 32.94+5.9 16.3+41.5 
-50ZE 44 Y 56.3+9.5 1.59+.06 31.7+3.5 17.74+2.0 * 
-75ZP 18 N 56.8+8.0 1.61+.06 30.7+4.8 16.4+2.0 
-752P 18 Y 61.0+10.0 1.61+.05 31.24+4.6 17.0+1.2 N.S. 
-75ZE 70 N 57.9+9.3 1.594+0.7 32.94+6.4 17.1+2.0 
«75ZE 70 Y 57.2+8.7 1.61+.06 30.9+3.9 18.2+1.5 * 


N= number of patients; G= gestation (N=NO, Y=YES) 
P= plain; E= epinephrine 1:200,000. 
N.S.= nor significant * p<0.01 
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INTRODUCTION: Shivering is a well recognized 
complication of epidural anesthesia. This symptom is 
distressing to the patient, interferes with monitoring 
devices and significantly increases oxygen consumption and 
cardiac output. Intravenous meperidine has been 
successfully employed to treat shivering,following general 
anesthesja » amphothericin chemotherapy’ and post cardiac 
surgery. The study was undertaken to evaluate the 
efficacy and safety of meperidine in controlling shivering 
during epidural anesthesia for cesarean (C) section. 


METHODS: The Protocol was approved by the Hospital 
Ethics Committee. Informed consent was obtained from 
each patient. Studies were performed in 40 patients 
requiring emergency C-section under epidural anesthesia. 
After placement of an epidural catheter at the L205 or L3_ 
interspace and fluid loading with 1-2 litres of 0.9% saline, 
carbonated 2% lidocaine with 1:200,000 epinephrine was 
given epidurally to achieve an adequate block. Arterial 
pressure, EKG, oxygen saturation, respiratory rate and 
tympanic membrane temperature were monitored 
continuously. After delivery of the infant, shivering 
patients received a single dose of either intravenous 
meperidine 50 mg (n = 20) or 0.9% saline (n = 20) in a 
randomized double blind fashion. Shivering was classified as 
Q=none, l=mild but not distressing to the patient, 
2=moderate and distressing, 3=severe and distressing and 
interferring with monitoring. Potential side-effects such as 
drowsiness, nausea or diminished respiration were carefully 
noted. Shivering and other parameters were recorded at 
epidural placement, skin incision, delivery and at 2, 5, 15, 30 
and 60 minutes following injection of meperidine or saline. 
Data were analyzed by chi-square with Yates correction for 


continuity, Spearmans rank correlation and student's "t" 
test. 


RESULTS: The groups were similar with respect to age, 
number of primigravidae, indication for C-section, duration 
of labor prior to surgery, total fluid received, dose of 
lidocaine and level of block, although the saline group 
weighed less than the meperidine group (69 + 2 vs. 78 + 3 kg, 
p<.05). At delivery, all patients in both groups (100%) were 
shivering the majority being classified as severe (63%). The 
administration of meperidine resulted in a_ significant 
decrease in the incidence (p< 0.005) and severity (p< 0.001) 
of shivering compared with saline. This effect was apparent 
within 2 minutes and persisted throughout the study period 
(Figure). There were no significant differences in arterial 
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pressure, heart rate, oxygen saturation, respiratory rate or 
temperature between the two groups. The incidence of 
Nausea was similar between groups (15-30%), Patients 
receiving meperidine were significantly more drowsy at 2 
and 5 minutes following injection (X“=6.5, p < 0.005) 
although there were no differences in levels of 
consciousness between groups at the later intervals. 
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DISCUSSION: The study documents the successful 


treatment of shivering during epidural anesthesia in patients 
undergoing emergency C-section. Previous attempts to 
decrease the incidence of shivering have focused on 
warming the intravenous fluids, warming the epidural local 
anesthetics, or applying radiant heat to the upper chest. 
The mechanism of action of meperidine may be via 
information in the brain, spinal cord or rexed laminae, 
mediated through one or more cf the recognized 
subpopulations of opioid receptors. 
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Introduction. Epidural opioid ađministration 
is an accepted mode of therapy for postoperative 
pain relief. With any type of epidural opioid there 
is a possibility of respiratory depression. In 
this study we investigated the usefulness of the 
pulse oximeter and end-tidal C0% monitor as indica~ 
tors of respiratory depression. 


Methods. Following aporoval from the Institu- 
tional Human Subjects Committee, informed consent 
was obtained from 15 patients scheduled for intra- 
abdominal surgery. None of the patients had signi- 
ficant cardiopulmonary, hepatic, or renal disease. 
Preoperative medication was diazepam 5-10 mg. A 
lumbar epidural catheter was placed preoperatively 
and a sensory block between T4 and T7 was estab- 
lished prior to induction with lidocaine 1.5% or 
bupivicaine 0.5%. All patients had general endo- 
tracheal anesthesia induced with thiopental 3-5 mg/ 
kg and succinylcholine 1-2 mg/kg. Light general 
anesthesia was maintained with 50-70% NO2 and iso- 
flurane 0.25-0.75%. Intraoperatively if the patient 
became tachycardic and hypertensive from surgical 
stimulation 5-10 ml of lidocaine 1.5% or bupivicaine 
0.5% was given epidurally. After surgery each 
patient was extubated and monitored in the post- 
anesthetic care unit. Oxygen saturation (Sp02) was 
measured by a finger probe from the pulse oximeter 
(501+, Criticare Systems, Inc.). End-tidal C02 
(PetC02) and respiratory rate (RR) were monitored 
by a nasal cannula which aspirated exhaled breath 
for measurement (Lifespan 100, Biochem). Sp02, Pet 
C02, and RR were continuously recorded on a Gould 4 
channel strip chart recorder. When the -epidural 
blockade receded, resulting in apain visual analog 
score (VAS) of 3 or greater on a scale of 0-10, 
epidural sufentanil was started. A sufentanil bolus 
of 0.3 mcg/kg mixed to a volume of 8 mls was given, 
followed by a continuous infusion of sufentanil, 0.3 
mcg/kg/hr at 8 ml/hr. Ten minutes following the 
initial bolus of sufentanil a VAS score > 3 result- 
ed in an additional bolus ard increasing the infu- 
sion rate by 50%. This was repeated until VAS was 
< 3 0r RR < 10. The study period lasted 8 hours, 
VAS was recorded at ten minvte intervals until 
stabilized, and then at hourly intervals following 
initial bolus. The epidural infusion rate was also 
tracked for 8 hours. The ccrrelation of hourly 
changes of RR was compared to hourly changes in 
Sp02 and PetC02 by Spearman rank correlation. Cor- 
relation was significant when p < 0.05. 


Results. There were 8 females and 7 males 
whose mean age was 50.1 years (range 20-77). The 
overall safentanil infusion rate was 0.36 mcg/kg/hr. 
The initial VAS mean was 6.11 (range 3-10) prior to 
first bolus, a rapid onset of analgesia was noted at 
10 minutes with a decrease in mean scores to 2.33 
(range 0-3). ‘The mean hourly data are shown in Table 
1. Several patients were asleep at scheduled 
measurement intervals and were assigned a score of l. 
Eleven patients needed another bolus with an increase 
in infusion rate. In patients breathing room air 
correlation between RR and PetC02 (r=0.23) was 
statistically significant. There were no significant 
correlation between RR and Sp02 (r=0.07) or PetC02 & 
Sp02 (r=0.01). In patients who received supplemental 
oxygen there were no significant correlation between 
changes in RR and PetCO02 (0.01), RR and Sp02 (r=0.04) 
or PetC02 and Sp02 (r=0.0). During the study period 
there were 4 episodes of Sp02 < 90%, one having a RR 
< 10. All these patients were breathing room air and 
were subsequently started on supplemental oxygen. 
There were 3 patients with PetC02 > 50 but none had a 
RR <10. 

Discussion. In this study as respiratory rate 
changed there was corresponding changes in PetC02 
when patients are breathing room air. When patients 
are on supplemental oxygen this correlation no longer 
exists. This may be due to reduction in hypoxic 
drive and changes in ¥/Q matching. Pulse oximetry 
was useful detecting Sp02 < 90% in several patients 
but there was no correlation with RR when patients 
were breathing room air or on supplemental oxygen. 
This lack of association may be attributed to the 
wide variation in Pa02 with only small changes in 
Sp02. This study indicates that end-tidal C02 would 
be better than pulse oximetry in following respira- 
tory rate in patients receiving postoperative anal- 
gesia with epidural sufentanil. However, pulse 
oximetry would be a useful adjunct in evaluating the 
patients respiratory status. 


Table { 


Hour |base i 2 4 l 6 7 8 


15.9 | 15.3 
0.9 1.00 | 0.84 

Sp02 | 97.1 | 95 

S 0.78 | 1,00 


34 | 0.92 
Pet CO2 34.7 | 39.4| 38.9 | 39.9 
SEM | 1.48 | 1.88] 2.44 | 2.36 
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Introduction. The ideal anesthetic for patients with 
coronary artery disease has yet to be determined. The question of 
the role of volatile versus narcotic based anesthesia persists+. 
We undertook this study to compare sufentanil (SUF) in two dose 
regimens ‘to isoflurane (ISO) with regards to hemodynamic 
stability, the incidence of perioperative ischemia, and the need 
for pharmacologic intervention. 


Materials and Methods. Twenty-six patients with ejection 
fractions > 39%, and without valvular lesions scheduled for CABG 
surgery were randomly assigned to one of 3 groups after obtaining 
informed consent. Premedication in all groups consisted of 
morphine 0.15 mg/kg and lorazepam 0.04 mg/kg IM 90 minutes prior 
to surgery. Group I received 25 mcg/kg SUF at induction and no 
further scheduled dosing. Group II received SUF 4 mceg/kg at 
induction, and one minute prior to incision and pericardiotony. 
Group III received diazepam, 0.3 mg/kg for induction and 
maintenance with 50% N20/02 and ISO 0.5-3%. Muscle relaxation was 
achieved with pancuronium 0.04 mg/kg and metocurine 0.12 mg/kg IV 
at induction and at institution of CPB in all three groups. Prior 
to induction a continuous (Holter leads II, V5) and 7 lead EKG, 
20 g radial artery and PA thermodilution catheter were placed. 
Standard henodynamic variables (and derived indices) were recorded 
at the following times: (l) awake (AW), one minute post (2) 
induction (IND), (3) intubation (INT), (4) skin incision (INC), 
(5) sternotomy (STER), (6) pericardiotomy (PER), and (7) aortic 
dissection (AoD). Alterations- in henodynanics were treated as in 
Table I ("interventions"). 

Holter tapes were evaluated by a cardiologist unaware of the 
patient grouping. Significant ST depression or elevation was 
defined as more than 0.1 mV amplitude and lasting more than 0.3 
msec. MI was defined as new persistent Q waves or T wave 
inversion. Statistical analysis was carried out using MANOVA 
corrected to baseline (awake) values and (hi Square as 
appropriate. 


Results. Preoperatively, the groups were comparable in all 
hemodynamic and detographic variables with the exception of 
baseline SVR, which was higher in group III. There were no 
significant differences in any measured variables between groups I 
and II, hence, they were combined to form a SUF group for 
comparison with the ISO group. The prebypass period showed 
significant differences (Table II) between SUF and ISO groups only 
in HR (higher in ISO at INT and PER, lower at AoD), and CI (lower 
in ISO at INC, STER, PER, and AoD). Pharmacologic interventions 
averaged 4.2/pt in the SUF group and 3.5/pt in the ISO group. 
Most (65%) interventions were at PER or AoD in the SUF groups, 
whereas interventions in the ISO group occurred early (63% at INT, 
INC, or STER). 


ST segnent depression was noted on Holter analysis in 4 of 17 
SUF patients and 4 of 9 ISO patients. This was recognized in the 
OR in only two patients. One patient (ISO group) who showed no 
evidence of ischemia in the OR had a perioperative MI. No deaths 
ensued. 


Discussion. Our data show that ISO without supplemental 
narcotics does, indeed, increase HR and decrease CO when compared 
to a "pure" narcotic technique. We identified ischania 
restrospectively in 31% of our patients ( a rate consistent with 
other reports in the literature 2) but identified it 
intraoperatively in only 8% despite meticulous attention to the 
electrocardiogran. We saw no significant differences in the 
incidence of intraoperative ischemia or perioperative MI, nor did 
either technique have a clear advantage as measured by the 
necessity for pharmacologic intervention. However, those 
interventions may be needed earlier (when anesthesia is Tight) 
with a volatile agent and later (as the narcotic redistributes) in 
a narcotic technique. 
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Introduction: Droperidol (0.075 mg/kg) has 
been shown tc decrease the incidence of vomiting 
after strabismus repair from 60% (controls) to 
16%.) Despite the effectiveness of droperidol in 
this regard, it is used reluctantly in outpatients 
because of its prolonged sedative effect which may 
delay discharge from hospital. Recently, lidocaine 
was shown to attenuate the ocular reflex responses 
to intubation? and reduce the incidence of 
vomiting after strabismus repair from 52% to 
204.3 Therefore, we compared the effects of 
droperidol and lidocaine on the incidence of 
vomiting and the duration of drowsiness after 
strabismus repair in children. 

Methods: With approval from the local Human 
Review Committee, a prospective randomized 
double-blinded study was undertaken. Informed 
written consent was obtained from the parents of 
150 children scheduled for elective strabismus 
repair. The patients were all ASA I or II, 
fasting, and unpremedicatei. The children were 
anesthetized with intravenous thiopental (5 mg/kg), 
atropine (0.02 mg/kg) and succinylcholine 
(2 mg/kg), the tracheas intubated and the lungs 
ventilated with halothane, nitrous oxide and 
oxygen. The children were randomized to receive 
one of three treatments at induction of anesthesia: 
Group A droperidol (0.075 mg/kg) intravenously, 
Group B lidocaine (1.5 mg/kg) intravenously infused 
over 30 seconds, and Group C droperidol 
(0.025 mg/kg) intravenously and lidocaine 
(1.5 mg/kg) infused slowly over 30 seconds. The 
stomachs were not aspirated. Postoperative pain 
was treated with oral or rectal acetaminophen 10 
mg/kg. Each patient received an intravenous with 
D5/0.25%S to replace the estimated fluid deficits 
and ongoing maintenance requirements. 

The nurses in the recovery room (RR) and on 
the ward were blinded to the patient's treatment 
group. They recorded the time and frequency of all 
episodes of vomiting, treatment required, time to 
discharge from the RR and time to discharge from 
hospital. The parents of each child were contacted 
within several days after surgery to determine the 
incidence of vomiting at home. 

The patient's age, weight, total incidence of 
vomiting (in hospital and at home), time in the RR 
and time to discharge from hospital were also 
recorded. 

Statistical significar.ce (p < 0.05) was 
determined using Chi-square analysis with the Yates 
correction for continuity for nominal data and 
the Bonferroni t-test for parametric data. 

Results: Age and weight of the patients did 
not differ significantly among the three treatment 
groups (Table). The incidence of vomiting in 
Group B (50%) was significantly greater than Group A 


(22%) (p < 0.05) (Table). The incidence of vomiting 
for patients in Group C (30%) did not differ 
significantly from either Groups A or B. The time 
in the RR was significantly shorter for Group B than 
for Grcup A and not different from Group C. The 
time tc discharge from hospital did not differ 
significantly among the three groups. 

Discussion: The results of this study indicate 
that droperidol 0.075 mg/kg is significantly more 
effective than lidocaine 1.5 mg/kg in preventing 
post-anesthetic vomiting. Although the sedative 
effect >f droperidol may account for the delayed 
discharge of Group A from the RR, this effect did 
not delay their discharge from the hospital. We 
concluda that droperidol 0.075 mg/kg remains the 
optimal prophylactic measure to prevent vomiting 
after szcrabismus repair in children. 

References: 

1. Lerman J, Eustis S, Smith DR. Effect of 
droperidol pretreatment on postanesthetic 
vomiting in children undergoing strabismus 
surgery. Anesthesiology 65:322-5, 1986 

Qe Lerman J, Kiskis AA. Lidocaine attenuates the 
inzraocular pressure response to rapid 
inzsubation in children. Can Anaesth Soc J 
32:339-45, 1985 

3. Beach TP, Warner LO, Rogers G. Lidocaine 
reduces the incidence of post-strabismus 
emesis. (Abstract) Amer Acad Ped 1987 





TABLE 
= GROUP A GROUP B GROUP C 
Number of 
Patients 50 50 50 
Age (yrs) 4.9 5.0 5.5 
+ 2.07 + 2.23 + 2.29 
Weight (kg) 18.5 19.3 21.2 
+ 6.8 + °6.6 + 7.4 
Incidence of `. 11/750 25/50* 15/50 
vomiting (22%) (50%) (30%) 
Time in RR (hr) 1.18 1.02* 1.11 
+ O41 + 0.24 + 0.31 
Time to 4.59 4.80 4.73 
discharge (hr) + 0.94 + 1.27 + 1.08 


Data are mean + S.D. 


* p < 0.05 compared to Group A 
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Introduction. According to a 1978 report 
issued by the Centers for Disease Control, pulmonary 
infections constitute approximately 15% of all 
nosocomial infections in hospitals (1). Anesthesia 
causes disturbances in normal ventilatory function 
including changes in respiratory epithelium which, 
theoretically, may lead to increased susceptibility 
to colonization by microorganisms. The role of the 
anesthesia machine as a source of microorganisms 
causing postoperative pulmonary infection has been a 
source of controversy in the anesthesia community 
for many years. This study was designed to examine 
whether circuits with sterile disposable absorbers 
(DSA) were at lower risk for contamination than 
circuits with reusable absorbers (RSA). 


Methods. In a prospective, randomized study, 
the incidence of bacterial contamination of anesthesia 
machine breathing circuits containing DSA or RSA was 
compared. Eighty two patients (pts) undergoing 
operations in two different operating rooms of a 
major medical center over a period of six weeks were 
assigned randomly to receive anesthesia through 
circuits containing RSA or to those containing single 
use DSA cannisters. Permanent components of the 
circuit on the machine were cultured before each 
case. For circuits with an RSA, this included 
inspiratory and expiratory valve leaflets and ports, 
reservoir bag port, fresh gas flow inlet, and the 
rubber hose connecting the ventilator to the machine, 
For circuits with DSA, this included only the fresh 
gas flow inlet and the ventilator hose. After each 
case, cultures were obtained from the circuits, 

Swab cultures were taken from each end of the corru- 
gated tubing. The internal surfaces of the tubing 
were cultured using a broth flush technique. The 
DSA were cultured by adding sterile water and broth, 
incubating for 48 hours, and subculturing the broth. 
Chemically inactive soda lime from the RSA was 
cultured in similar fashion. To determine whether 
microorganisms that contaminated the soda lime 

could be recovered by our culture technique, the DSA 
were spiked with gram positive and gram negative 
bacteria and cultures were performed as described 
above, 


Results. Eighty two anesthesia circuits were 
randomized. ‘Two were eliminated because they were 
accidentally discarded before final cultures were 
obtained. Thirty four (42.5%) of the circuits were 
in the DSA group and 46 (57.5%) were in the RSA group. 
Both grcups of pts were similar in age, sex and race 
distribution, type of surgery and anesthetic, receipt 


of intraoperative antibiotics, and presence of infec- 
tion at remote sites. A total of 36 positive 
cultures were obtained. There were 16 (47.1%) in the 
DSA group and 20 (43.5%) in the RSA group. This was 
not statistically significant at a p< 0.05 level. 
Three anesthesia circuits were positive for micro- 
organisms considered to be pathogenic; two were in 
the DSA group and one was in the RSA group. These 
microorganisms included Staphylococcus aureus (two) 
and Proteus mirabilis (one). This difference was not 
statistically significant at p<0.05 level. All 
three pts had preoperative respiratory infections 
caused by these microorganisms. A total of 17 pts 
(21.25%) had infections at one or more sites prior to 
entrance into the study. Of the bacteria added to 
the DSA in the laboratory, only Staphylococcus 

aureus was recovered at 24 hours. However, no micro- 
organisms were recovered at 48 or 96 hours. 


Discussion. Albrecht and Dryden reported a rate 
of 23% for postoperative pulmonary infections in a 
retrospective review of pts over a period of five 
years using RSA. In a prospective review of 
postoperative pulmonary infections in Fts on whom 
circuits with DSA were used, the rate cf infection 
decreased to 5.7% (2). Our data did net support the 
observations of Albrecht and Dryden. We observed no 
significant difference in the rate of contamination 
between circuits containing DSA and RSA. Furthermore, 
there was no difference between circuits containing 
DSA and RSA and the rate of contamination with 
microorganisms considered pathogens. Indeed, 
pathogenic organisms were rarely isolated from either 
type or circuit. The health care field is increasing~ 
ly subjected to pressure to reduce health care costs, 
Since the implementation of Diagnostic Related Groups 
reimbursement has been based on diagnosis, rather 
than actual patient costs. This study demonstrates 
that the use of DSA offers no more protection against 
contamination of circuits than does the use of RSA, 
Therefore, the increased cost of the DSA system does 
not appear justified, 
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Introduction. Slogoff et al have recently 
demonstrated that in patients undergoing coronary 
artery bypass grafting (CABG) a significant 
relationship exists between. tachycardia, myocardial 
ischaemia, and perioperative myocardial infarction 
(1). Their study did not show if the incidence o7 
myocardial ischaemia is related to pre-operative 
cardiac medications. The aim of this study was tə 
detect the difference in incidence of pre-bypass 
ischaemia by electrocardiogram (ECG) criteria in 
patients taking B adrenergic blockers (Group I), 2a 
channel blockers (Group II), or combined B 
adrenergic and Ca channel blockers (Group III). 


Method. Institution approval was obtained. 
Patients with stable angina scheduled for routine 
coronary artery bypass grafts from January 1986 t> 
March 1987 were included in the study. AlL cardiac 
medication was continued until the time of 
premedication. Calibrated ECG tracings of Lead IZ 
and V5 and haemodynamic profiles were recorded 
during the pre-bypass period and at the following 
intervals: before induction (baseline) and one 
minute after induction, intubation, skin incision, 
sternotomy, and aortic cannulation. A high dose 
Fentanyl anaesthetic protocol was used. Heart raze 
(HR) and blood pressure (BP) were maintained with-n 
20 percent of the average ward value (control). 

For elevated BP, infusion of nitroglycerine with o> 
without the addition of an inhalational anaesthet -c 
up to 0.5% was used. For lowered BP, volume, and 
when necessary infusion of phenylnephine was given. 
For increased HR, intravenous doses of propranolo_ 
was used. ECG was examined retrospectively by two 
independent investigators for evidence of 
ischaemia. Ischaemia was defined as 1 m or more 
of downsloping or horizontal ST segment depression. 
greater than 2 mm of upsloping ST segment 
depression measured 0.08 seconds from the J-point . 
or ST elevation greater than 1 mm. Ischaemia, as 
evidenced by ECG changes, was analyzed according 

to the 3 groups of patients by analysis of 
variances, and haemodynamic data was analyzed by 
analysis of covariance using baseline as covariat:. 
P < 0.05 was considered statistically significant. 


Results. Ninty-two patients were studied: 23 
in Group 1 (B-adrenergic blockers), 22 in Group IZ 
(Ca channel blockers) and 47 in Group III (B 
blockers and Ca blockers). ‘There was no difference 
in age, weight, ASA class, severity of angina, LV 
score, ejection fraction, time of bypass or X clamp 
time among the three groups. The incidence of 
ischaemia (Fig. I) was significantly higher in 
Group II at induction (p<0.03), incision (p<0.05). 
and sternotomy (p<0.002). There was no differenc: 
in mean arterial pressure (MAP), pulmonary 
capillary wedge pressure (PCWP), or cardiac outpu: 
(GO) among the three groups at various stages pre- 
bypass. Heart rate at sternotomy was significant_» 
higher in Group II (p<0.02). Rate pressure produz- 


(Fig. II) was significantly higher in Group II at 
incision (p<0.05), sternotomy (p<0.0001), and 
cannulation (p<0.002). ; 
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Discussion. The incidence of myocardial 
ischaemia at induction, incision and sternotomy was 
significantly higher in patients taking Ca channel 
blockers (Group II). The incidence of myocardial 
ischaemia in patients taking B adrenergic blockers 
(Group I), or combined B adrenergic blockers, and 
Ca channel blockers (Group III) were comparable, 
and were lower as compared to patients taking Ca 
channel blockers only (Group II). Patients 
taking Ca channel blockers, and with no B adrenergic 
blockade have a higher risk of developing pre- 
bypass ischaemia. 
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Introduction: Ina previous study, we found 
decreased recall of anesthetic risks and increased 
anxiety if a risk-specific consent form was read 
with the patient during the pre-operative 
interview; giving patients the form at least two 
hours before the interview diminished these 
negative effects(1). However, we were concerned 
that these results might not apply to a general in- 
patient population because: a) one anesthesiologist 
conducted all interviews, b) all subjects were out- 
patients, and c) the form was read with the patient 
before it was discussed (an unlikely practice ina 
busy clinical setting). We undertook this study to 
determine the effects of a risk-specifie consent 
form during routine inpatient use. 

Methods: We interviewed 125 adult inpatients 
before and 106 adult inpatients after our hospital 
required the use of separate anesthesia consent 
form in this IRB- approved Study. Fourteen of the 
after-implementation patients received the consent 
form in a pre-admission packet 7 + 4 days before 
admission and were considered separately from the 
other 92 patients. Residents completed demographic 
Surveys and discussed five specific risks of 
anesthesia (death, paralysis, kidney damage, 
backache, damaged teeth) with each patient 
preoperatively. After this interview, we asked the 
patients to rank their anxiety on a four point 
scale. One of the authors interviewed each of the 
patients on the first postoperative day. Patients 
indicated the complications they remembered from a 
list of the five true anesthetic risks discussed 
pre-operatively and four false risks not discussed. 

We used one way analysis of variance with Dun- 
can's multiple range test to analyze both the 
recall data and the demographic data. P<0.05 
indicated significance. 

Results: Age, physical status, percent of patients 
having cancer-related Surgery, anxiety level after 
the interview, educational level, and type of 
surgery did not differ among the groups. Ninety 
percent of all patients felt that they had received 
enough information about anesthetic risks. 

Patients remembered fewer true anesthetic 
risks when they received the consent form during 
the preoperative interview than if they received it 
before the interview or not at all (P<0.01) (See 
Table 1). 


Discussion: Our results extend previous findings 


(1) to an inpatient setting. Discussing the form 
during the interview had the same negative effect 
on recall as reading the form with the patient 
before discussing it. We also found no evidence of 
interviewer bias in that study, since we obtained 
similiar results with a large number of 
pre-operative interviewers. Although overall 
recall was lower in this study, Morgan found 
similar recall (37%) among cataract surgery 
patients. (2) 

In summary, presenting a risk=specifie 
anesthesia consent form during the preoperative 
interview adversely affects recall. Including the 
consent form in a pre-admission information packet 
prevents this decrease in recall. 
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Table 1 = Patient Recall of Anesthetic Risks: 
om O Anesthetic Risks 


Control Patients received consent fom: 
During Interview Before Interview 
Are) (92) — bret) 
True Risks  33+3* 19 + 3* 33411 
False Risks 1042 6+2 1146 


a4 mean percent recall + SEM 
p<0.01 compared to control and before-interview groups. 
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Introduction. The goals for the anesthesiologist include the 
afe conduct of anesthesia to facilitate surgical care, as well as to 
wovide a satisfying experience fcr the patient. The quality cf 
ınesthesia care can be evaluated by systemic monitoring of morb- 
lity and mortality. The determinants of patient satisfaction ar= 
nore difficult to define and quantify. They probably vary from on 
vatient to another and depend upon a number of factors over whic 
he anesthesiologist has little contrcl. To assess patient satisfaction 
vith anesthesia services we conduc-ed a survey of patient attitudes 
egarding anesthesia care provided in a teaching hospital with aa 
inesthesia residency. The results of the survey were compared to 
hose from a similar survey of patients of community anesthesiolc- 
rists. 


Methods. A patient opinion survey was utilized to obtain infor- 
nation about patient satisfaction with anesthesia services.(1) Th= 
iurvey had three components: a) descriptive information about tha 
vatient, b) patient opinions about their relationship with thz 
inesthesiologist, and c) questions about access to information abort 
inesthesia. 


After approval by the Committee on Human Research, sur- 
'eys were mailed to 500 patients receiving anesthesia services from 
‘uly through September, 1985. The surveys were analyzed to cont- 
are patient satisfaction between residents in their first year cf 
mesthesia training and those in their second year of anesthesia 
raining. In addition, the results were compared to a similar patiert 
pinion survey for community anes-hesiologists.(2) The data wer2 
wnalyzed using t tests, Chi square analysis, and multiple regression. 


Results. Of the 500 surveys mailed, 255 (51%) were returnec 
ileven percent of the patients solicited formally refused to partici 
vate and the remainder of patients solicited did not respond. Based 
ipon the individual patient opinion items, over 80% of patients com 
idered explanations about anesthesia services and alternatives te 
ve adequate. Fifty-five percent of patients indicated they would like 
nore information about anesthesia. Eighty-nine percent of patients 
xpressed great confidence in the anesthesiologist. No significant 
lifferences were noted in responses between patients anesthetized 
y first (n=175) and second (n=80) year Anesthesia residents. 


The responses to surveys of patients of the anesthesiz 
esidents were then compared to those of the patients of 16 com- 
unity anesthesiclogists (n=257).(2) Patients who received 
nesthesia services in the teaching hospital, compared to those ir. 
1e community sample were older, more often male, sicker, les: 
kely to have private insurance and more likely to have Medicare 
37% vs 22%) or Medicaid (11% vs 3%) insurance coverage. 


Factor analyses were performed, defining five scale» 
omprised of responses related to (1) explanations abou: 
nesthesia, (2) adequacy of information regarding anesthesia, (3 
ommunication problems, (4) satisfaction with outcome, and (5 
oncerns about cost. 


The resident anesthesiologists were perceived by patients tc: 
ive better explanations about the proposed anesthesia, alternative= 
nd potential risks than community physicians (p<0.05). No 
lifference was found between explanations provided by first and 
econd year residents. For both the resident and community 
nesthesiologists, the more educated patients were less satisfied 
vith explanations and adequacy of information. 


No differences were identified between resident and commun- 
ity anesthesiologists regarding problems with communication. 
However, those patients whose health improved after surgery re- 
ported fewer communication problems than those whose health did 
not improve. Older patients of both groups identified more com- 
munication problems with their anesthesiologists. Patients of com- 
munity anesthesiologists were more pleased with outcome. They 
would more eagerly recommend their anesthesiologist to a friend. 


The patients cared for in the teaching hospital were less con- 
cerned abcut cost than patients of community physicians. Despite 
the lack of concern, forty-seven percent of the patients of the teach- 
ing hospital and 41% of those cared for in the community hospital 
felt the cost of anesthesia services was more than anticipated. Pa- 
tients of the community anesthesiologists desired more information 
about cost (28%) more often than those of the teaching hospital 
(17%) (p<0.05). 


Discussion. The findings of this survey suggest that patients 
are interested in explanations about anesthesia services and infor- 
mation about potential complications. When such information is 
provided to them, however, patients do not necessarily indicate 
better satisfaction with anesthesia services. The perception of the 
quality of anesthesia services is apparently only partially dependent 
upon such zxplanations. 


The discrepancy between adequacy of explanations and satis- 
faction with anesthesia services may be explained in a number of 
ways. Angzsthesia residents who more effectively explain the 
anesthetic plan may spend more time with patients, providing de- 
tailed descriptions of the proposed anesthesia, alternatives, and 
risks. This disseminates information, and even instills confidence 
but does not necessarily translate into a satisfied patient. The 
discrepancy may be due to the difference in the age or level of ex- 
perience of the anesthesiologists. The perception of satisfaction 
may also te dependent in part upon surgical outcome, since pa- 
tients whose health improved postoperatively, more common for 
the community hospital patients, reported fewer communication 
problems and were more often satisfied with the anesthesia. 


This study suggests that the interpersonal interaction between 
the patient and anesthesiologist is an important part of overall 
anesthesia care. In addition to the knowledge and technical skills 
required of the anesthesiologist, the relationship with the patient is 
a significart determinant of patient satisfaction. Other factors, out 
of the direct control of the anesthesiologist also play a role in pa- 
tient perceptions of anesthesia care. Since patient satisfaction has 
obvious clinical and medicolegal significance, further study will be 
required tc more clearly define the specific components of the in- 
teraction with the patient that facilitate a positive impression of 
anesthesia zare. 
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Introduction. Presently, it is believed that 
chronic low-back pain syndromes are due to patho- 
physiologic changes causing mechanical pressure on 
nerve roots. Based on the assumption that inflanma-— 
tion is a major contributing factor to chronic pain, 
therapies with steroids administered epidurally were 
widely used since 1957 (l). ‘The effectiveness of 
epidural steroids, however, has been seriously ques- 
tioned (2). More recently, it has been reported 
that an epidural therapy, consisting of morphine and 
steroids, provides effective pain relief to a large 
percentage of patients presenting with chronic low- 
back pain (3). Here, with a two catheter technique, 
we radiographically evaluated the distribution of 
medication in the epidural space in order to estab- 
lish whether or not there is a correlation between 
outcome of therapy and the spread of drugs. 


Methods. Participating in the study were 
fifteen adults presenting with chronic low-back pain 
syndrames secondary to multiple surgical interven- 
tions on the spine, who, in accordance with institu- 
tional guidelines, signed an informed consent. Pro- 
tocol included detailed history, physical examina- 
tion, radiographic studies with either CAT scan or 
MRI, pre- and post-spinal mobility measurements, 
self-scoring of pain intensity using visual analog 
scale (VAS), fasting overnight, intravenous fluid 
therapy, monitoring (for 24 h in the intensive care 
unit) of EŒ, heart rate, blood pressure, and res~ 
piration, insertion of two epidural catheters, one 
above the surgical site and the other, caudally. A 
lumbar epidurogram, using the dye iohexol (Qmipaque 
240), permitted confirmation of proper placement of 
catheters and accurate viewing of epidural space. 
With patient in head-up position, Duramorph (4 mg/4 
ml) was injected via each catheter which was then 
flushed with 8 ml of sterile normal saline. Sixty 
min later, methylprednisolone acetate (80 mg/2 ml) 
was injected via each catheter, which, after being 
flushed with 8 ml of sterile normal saline, was 
withdrawn. Onset of analgesia and untoward effects 
of morphine were recorded. Somnolence, puritus, 
nausea, vomiting, urinary retention were treated 
symptamatically; respiratory depression was the only 
ill effect mandatorily requiring reversal by 
naloxone. Evaluation of therapy outcome, one month 
later, consisted of physical examination, spinal 
mobility measurements, self-scoring of pain inten- 
sity with VAS; also recorded were any adjunct 
therapies. 


‘Results. Radiographic studies of the epidural 
Space revealed total and partial occlusion in 10 and 
five of the patients, respectively; in all 15 pa- 
tients, iohexol failed to spread uniformly between 
the insertion sites of the two catheters. All 15 
patients, however, reported effective analgesia sub- 
sequent to the epidural administration of Duramorph 
but analgetic onset was delayed fram the usual 20 to 
60 and up to 180 min; there was no noticeable change 
in either incidence or severity of the therapy~in- 
duced untoward effects. No patient experienced res- 
Piratory depression; a 20% fall in blood pressure 
occurred in cne patient on a regimen of the beta 
blocker, propanolol. At time of follow-up examina- 
tion, the five patients with documented partial oc- 
clusion of the epidural space reported pain relief 
ranging between 25 and 80%, improverents which were 
confirmed by both mobility measurements of flexion, 
extension, lateral bending, and rotation, and VAS 
self-scoring. The two latter testing methods also 
agreed with reports of complete therapeutic failure 
in seven and effective pain palliation in three of 
the ten patients with total occlusion of the epidural 
space. 


Discussion. It is well accepted that, despite 
recent major radiographic advances, accurate diagno- 
sis of chronic low-back pain syndrares is difficult 
if not impossible (4). Thus, as it is virtually im- 
possible to select a uniform group cf patients for 
study and comparison, here, each patient served as 
his/her own control. The two catheter technique has 
the dual advantages of providing a clear view of the 
epidural space and effectively increasing drug dis- 
tribution in this anatomical structure. Our findings 
strongly suggest that outcome of the epidural therapy 
is contingent upon the medication reaching the 
proper target site(s) in the nervous system where 
pain is modulated. 
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Introduction. Controversy exists over the effects o? 
vitrous oxide on cerebral blood flow (CBF) and 
netabolism. In dogs nitrous oxide causes an increase im 
JBF and metabolism (1). In man, nitrous oxide mar 
nerease CBF (Z) or show no zhange (3). The effects o> 
iitrous oxide in newborns is unknown. The beagle puppy is 
ised as a model of the neonatal brain (4). Using this mode 
we looked at th? interaction af nitrous oxide on CBF and 
>MROp» with and without halothane anesthesia. 


Methods. Five pure bred beagle pups 2 to 6 days o> 
age and 230 to 450 grams were anesthetized by mask with 
ialothane, nitrous oxide and oxygen, and tracheotomized. 
*ollowing paralysis with intraperitoneal d-tubocurare, the 
ups were mechanically ventilated to maintain PaC 0, at 
35-40 mmHg. Two femoral arterial and two femora. 
renous lines were placed for fluid administration, blooc 
wessure and blood gas monitoring, and microsphere 
aithdrawal, A catheter was advanced from the carotic 
tery into the left yqgtri ET injection of 15 ur 
nicrospheres (7! Co, Sn Sc) A sagittal sinus 
zatheter was placed for measurement of cerebral venous 
2» content. Al incisions were made and catheters placec 
fer local infiltration with 0.5% bupivacaine. Blood loss 
nas replaced with maternal whole blood and mean arteria 
wessures maintained with epinephrine (1 ug/kg/min), if 
ieeded, following reintroducticn of halothane (see below). 
jJalothane was discontinued for 1 hour prior to beginning 
he study. Regional cerebral blood flow determinations 
ind CMRO» ware obtained during 70% N50/30% 0O. 
control), fg halothane/70% N20/30% O5, and 1Ẹ 
xalothane/70% No/30% 0O. Regional cerebral blood flor 
rCBF) determintions were made for the frontal cortex 
FC), parietal cortex (PC), cersbellum (Ce), thalamus (Th: 
and subcortical white matter (Wh) regions. CMRO, was 
ralculated from the average FC and PC rCBF and the 
iterial-sagittal venous Op content difference. 


Results. The results are expressed in Figure 1 as 
yercent of control values (means + SEM), and evaluated br 
inalysis of variance. Data is presented for normotensive. 
lormocarbic animals only. Hemodynamically unstable pups 
were excluded from the study.. There was a significant 
nerease in rCBF to all regions with 1% halothane added ta 
70% NoO. With N0 withdrawal, rCBF remainec 
dlevated. CMRO, decreased with the addition of 17 
yalothane to N50. A further significant reduction in 
2MRO> occurred with N20 withdrawal, when compared to 
ralothane/N 20/0, (and N50/0>). 


Discussion. The addition of 1% halothane to 2 
¥50/ Oo anesthetic causes a significant increase in rCBF 
and a reduction in metabolism. Although the effects o> 
N20 on rCBF in this study were not compared to the 


awake puppy, it is clear that the withdrawal of N50 caused 
no change in rCBF. This suggests that any effect of N50 
on CBF is minor and not additive to the effect ‘of 
halothane in puppies. Withdrawal of N, 0O from 
halothane’ N50/0 anesthetic causes a significant 
reduction in CM 0>. NO appears to have a stimulating 
effect on cerebral metabátism in the presence of halothane 
anesthesia in puppies. This stimulating effect of N20 is 
also seen in adult dogs (1). However, this effect does not 
persist with 1% halothane in these alder animals. An age 
related difference in the effect of N»5O on cerebral 
metabolism is suggested by the present findings. 


C] 1% Hat + N,0/0, 


MB 1% Hal + No /02 


%.T signif. diff. from control, 
Hal + N2 O 
* + 
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Percent Control 


FC PC Ce Th Wh CMRO, 
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Introduction: Narcotic antagonists have consistently 
demonstyated a protective effect against spinal cord 
injury. This may have a profound effect upon the 
anesthetic decisions facing the anesthesiologist, as 
some have hypothesized that because narcotic antago- 
nists are protectants, narcotic agonists may have a 
detrimental effect upon the extent of spinal cord 
injury. Thus, they would argue that narcotics should 
not be administered during a surgical procedure at 
risk for spinal cord injury. In this study, we eval- 
uated the effect of fentanyl (F) and naloxone (NX) 
upon neurologic outcome in the setting of spinal 

cord injury. . 

Methods: Following approval by the Animal Research 
Committee, male, Sprague-Dawley rats (n=66) of simi- 
lar weights (300-350 grams) were surgically prepared 
as follows: Day 1-placement of a subarachnoid cath- 
eter in the spinal canal with the tip at Tg_g. (2) 
Day 2-normal neurologic function was established, 

and a balloon tipped catheter was placed in the epi- 
dural space via a midline laminotomy at L2_3 with 
the balloon at the thoracolumbar junction. `A tail 
artery catheter was inserted. This procedure lasted 
30-45 minutes, and was followed by a 120 minute anes- 
thetic recovery period during which normal neuro- 
logical function was again established. Each rat 
was then randomly placed in one of the following 
groups: 1) Fentanyl/Nitrous Oxide-anesthesia was 
induced with fentanyl-57 ug/kg and 65% nitrous oxide 
(N,0), and each rat was orotracheally intubated and 
méChanically ventilated. Fifteen minutes after F 
administration the epidural balloon was inflated 
with a constant volume of air (0.1 ml) over randomly 
varying times (0, 6, 12, 24, or 42 minutes). Immed- 
iately after balloon deflation 20 ul of preservative. 
free, pH buffered, saline was administered via the 
subarachnoid (SA) catheter. 2) Fentanyl/N0/NX- 
anesthetic management was identical to group I. The 
only exception was that instead of administering 
Saline via the SA catheter, NX 1 mg/kg was admini- 
stered via the SA catheter in a 20 ul volume that was 
pH matched to the other groups. 3) Awake-the spinal 
cord insult was administered while the rat was awake, 
Saline was administered immediately after the injury 
in an identical manner to group 1 and 2. Physiologi- 
cal parameters (pH, PaCO2, PaO,, mean arterial pres- 
sure, serum glucose, hematocrif, and temperature) 
were monitored, ; 

Each rat was evaluated daily by a blinded investi- 
gator, for the presence or absence of hindlimb para- 
lysis through 7 post-insult days. Statistical anal- 
ysis was performed on the physiological data using 
analysis of variance and, as appropriate, mean values 
were compared by t-tests with a Bonferroni correc- 
tion, Dose-response curves were constructed for 
post-insult day 7 data by plotting the duration of 
balloon inflation versus the percentage of paralyzed 
rats. The curves were statistically compared for 
slope and pgyency differences by group t-tests 
(P< 0.05). f Een , i 
Results: There were no significant differences in 
any of the physiological variables (P< 0.05). The 
dose-response curves are represented in Figure 1. 
There was a significant (P< 0.05) right shift in the 
curves for the F/N20 and F/N,0/NX groups as compared 


to the awake group. There was no significant differ- 
ence between Fhe cues for F/N20 and F/N70/NX. i 
This right shift demonstrates spinal cord protection 
by the anesthetic regimen of, F/N20, with no addition- 
al protection afforded by NX. i i 
Discussion: The protection demonstrated in this 
study may not be a unique property of fentanyl, but 
of anesthesia in general. The precise mechanism(s) 
whereby anesthesia protects against spinal cord in- 
jury are unknown, but may include favorable effects 
on the metabolic needs of the neuron. Other studies 
have demonstrated spinal cord protectin by narcotic 
antagonists, in particular naloxone. ~- These 
reports have not studied spinal cord injury in the 
context of anesthesia, as was done here, which may 
have a dramatic affect upon the overall pathophysio- 
logy. In addition, naloxone was administered local 
to the injury and not systemically as has been done 
in previous studies. The local administration of 
NX was necessary to maintain the anesthetic state, 
however, it did eliminate systemic effects of NX 
which were present in other studies. Not only did 
the SA route of NX administration provide for main- 
tenance of anesthesia, but should also provide for 
higher local tissue levels of NX. ; 
The present study does not support the subarachnoid 
administration of NX following a spinal cord injury 
occurring during a narcotic based anesthetic. How- 
ever, further studies are warranted to elucidate in- 
jury/protection mechanisms, optimal dose regimens, — 
and investigation of more receptor selective narcotic 
selective. 
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Figure 1-dose-response curves. There was a signifi- 
cant right shift in the fentanyl and. fentanyl- 
naloxone dose response curves, with no significant 
difference between the fentanyl and fentanyl-naloxone 
curves (P< 0.05). 
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Introduction 

Since the advent of blood component therapy, 
hyperkalemia following massive transfusion has been 
regarded as a rare occurrenze. Miller and Brizca 
suggest that blood must be transfused in excess of 
120 ml/min for clinically significant hyperkalemia 
to occur.(1) However, hyperkalemia has been 
reported at lower transfusion rates.(2) Adsol 
(Fenwal Laboratories) is a zelatively new 
preservative mixture that is now routinely in use 
in the blood banks of this and other institutions. 
This combination of adenine, dextrose and mannitol 
permits the storage of packed red blood cells 
(PRBCs) at high hematocrits for as long as 42 days. 
Improved red blood cell survival is reportedly 
associated with less hemolysis and lower viscosity 
than that found in other PRBC storage preparations. 
Adsol purportedly "provides user convenience and 
avoids the potential risks associated with the 
dilution of concentrated rec cells at the time of 
infusion."(3) Package enclosed product information 
includes measurements of supernatant potassium 
levels on day 35 and 42 of storage of 46 and 49 
Meq/L respectively.(4) However, little information 
was readily available concerning the levels of 
supernatant potassium earlier than day 35. The 
current investigation was prompted by four children 
who received rapid transfusion of Adsol-preserved 
PRBCs. These four children exhibited clinical and 
laboratory evidence of hyperkalemia. This study 
reports changes in pH and the levels of supernatant 
potassium of Adsol-preserved PRBCs as a function of 
storage time. 


Methods 

Over approximately a three week period 100 
units of Adsol-preserved PRBCs were randomly 
checked for supernatant potassium and pH 
immediately prior to transfusion. A 3 ml quantity 
2f undiluted blood was withdrawn from each bag via 
a 21 gauge needle. This blood sample was 
immediately analyzed in the ABL4 Acid Base 
uaboratory by Radiometer and the age of the blood, 
pH, potassium and hemoglobin were recorded. The 
ABL4 was tested with known values of potassium 
containing solucion to determine reproducibility in 
the range of 10 to 60 Meq/L. Calibration results 
showed the ABL4 to be accurate to + 0.19 Meq/L 
within this range. Supernatant potassium levels 
and pHs were plotted against the storage time of 
the blood. Simple linear regression was employed 
to obtain a formular description of the results for 
statistical analysis. 


Results 

Linear analysis of the relationship between 
supernatant potassium and age of blood yielded a 
correlation coefficient of 0.88 and a standard 
2rror of estimate of 6.16. The relationship of pH 
to age of blood was also examined in this fashion 
and was characterized by a correlation coefficient 
of 0.85 and standard error of estimate of 0.11. 


Discussion 

Previous research on the Adsol type of PRBC 
storage has not sufficiently iterated the presence 
of supernatant potassium. This study showed that 
potentially dangerous levels of supernatant 
potassium rises linearly, as anticipated with age. 
However, units less than 10 days old contained 
unexpectedly high concentrations of supernatant 
potassium. In addition, most of the units had 
supernatant potassium levels greater than has 
previously been reported for CPD blood alone.(5,6) 
In summary, the decreased hemolysis reported as an 
advantage of Adsol blood does not result in a 
decreased supernatant potassium, Adsol blood, even 
when less than 10 days old, should be used with 
caution in young children, especially during rapid 
transfusion. 
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Introduction. Bovill, et al have described the 
pharmacokinetics of sufentanil after a single bolus 
of 5 pg/kg in 10 surgical patients.! More recent 
clinical practice, however, is to use a smaller dose 
of sufentanil as a bolus at the beginning of a case 
and to finish the anesthetic with either a volatile 
agent or a sufentanil infusion. The purpose of this 
study is to calculate the pharmacokinetics of sufen- 
tanil after a single dose of 1.5 ug/kg, to use the 
pharmacokinetic parameters to develop a reasonable 
protocol of sufentanil infusion, and finally to 
measure sufentanil levels in a group of patients 
given the sufentanil infusion protocol. 

Methods. After this study was approved by the 
Human Subjects Committee, 18 patients scheduled for 
non- cardiac procedures involving general anesthesia 
were randomly selected from the operating schedule. 
After informed consent, patients were anesthetized 
with either the sufentanil bolus technique or 
infusion technique as follows: The Bolus Group (n = 
12) was pre-oxygenated with 100% 0, for 2-3 min. 
Sufentanil 1.5 g/kg was injected îy over thirty 
seconds. Thiopental was slowly infused until loss 
of lid reflex. Muscle relaxation was with 
vecuronium 0.1 mg/kg, with repeat doses of 0.015 
mg/kg when necessary. After tracheal intubation, 
ventilation was controlled. Gas mixture was 70% 
N0, 30% 0,. Isoflurane 0.5 - 1.0% was administered 
tô maintain the anesthesia. Reversal of muscle 
relaxant was with neostigmine 0.07 mg/kg and 
atropine 0.03 mg/kg IV. Extubation of the trachea 
occurred when patient responded to command. Blood 
samples for sufentanil were drawn prior to induction 
and at 1, 3, 5, 15, 30 min and 1, 2, 4, 6, 8, 12, 
and 16 hrs after induction. Sufentanil was analyzed 
by radioimmune assay, and the appropriate pharmaco- 
kinetic parameters were obtained in the same manner 
used by Bovill, et al.! These parameters were used 
to develop the protocol for the Infusion Group. The 
Infusion Group (n = 6) was treated the same way with 
the following exceptions: Initial sufentanil bolus 
was 0.5 wg/min and the rate was then altered accord- 
ing to perceived anesthetic depth. Blood sufentanil 
levels were drawn at the same times as for the Bolus 
Group, except that a new "baseline" was drawn before 
the infusion was discontinued, and the sampling 
schedule was re-started, i.e., at 1, 3, 5, 15, 30, 
mins; 1, 2, 4, 6, 8, 12, 16 hrs. The individual 
plasma concentration vs. time data were fitted to 
standard bi- and tri-exponential pharmacokinetic 
equations using a computerized least-squares method. 

Results. The tri-exponential equation proved 
to be the best fit for the single-bolus sufentanil 
pharmacokinetics. The parameters derived are shown 
with the parameters derived by Bovill, et al in the 
Table. Also, the calculated In sufentanil 
concentration as compared to the actual levels in 
one of the patients ‘is shown in Fig. 1. There was 
no apparent correlation of volume of distribution 
with body weight (either total or estimated lean) or 
surface area. Total body clearance correlated with 
body surface area (r = 0.81), but less well with 
lean body weight (r = 0.62). The predicted 
sufentanil concentrations from the model, using an 
initial bolus of 0.5 g/kg and an infusion rate of 





0.5 ywg/kg/hr during a 4 hr procedure is shown in 
Fig. 2, where the dashed line represents the limit 
of detection of the assay (50 pg/ml). The actual 
data collected from a patient using this protocol is 
shown in Fig. 3. 

Discussicn. The limit of detection for this 
assay is about 50 pg/ml. For the 1.5 g/kg initial 
bolus, this was reached by six hours after induc- 
tion. The intercepts (A,B,C) were less in our 
patients because the dose was less. Elimination t4 
was longer, volume of distribution larger, and 
clearance faster in this group of patients than in 
the group studied by Bovill, et al, but these 
differences were not statistical ly significant. The 
infusion technique was designed to maintain a 
sufentanil level at 100-200 pg/ml. Unfortunately, 
the levels decayed so rapidly from this level at the 
end of the infusion that elimination kinetics could 
not be calculated from the after infusion samples. 
The infusion technique developed from the pharmaco- 
kinetic model of the bolus technique worked well 
clinically. 
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TABLE: SUFENTANIL PHARMACOKINETICS 
(mean + S.D.) 


Pharmacokinetic Parameters These Patients (n=12) Bovill, et al? (n=10) 
A (pg/ml 15,800 + 7000 27,900 + 11,384 





B (pg/ml 643 + 266 5,900 + 2,846 
c (pg/ml 153 + 57 1,040 + 474 
a (hr 1) 425 + 7.9 37.8 + 17.1 
8 (hr i) 2.17 + 0.90 2.64 + 1.14 
y (hr™") 0.17 + 0.07 0.29 + 0.09 
tł (hr) 4.71 + 2.16 2.73 + 1.16 
(1.8 - 10.6) (1.6 - 5.7) 
Vd, (1/kg) 6.13 + 2.52 2.86 + 0.80 
C1" (1/kg/hr) 0.93 + 0.16 0.76 ż 0.15 
Vdss_(1/kg) 3.91 + 1.89 1.74 + 0.6 
Ve (1/kg) 0.107 + 0.045 0.164 + 0.057 


Bolus + Infusion Method 
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Introduction 

Sufentan-1 has been compared with other 
narcotics for use in non-cardiac general anesthesia 
with clinical results at least as good and in some 
cases better than seen with the other narcotics.! 
The technique of administration has generally been 
to give a small bolus at the beginning of the case 
and to continue the anesthetic with either repeated 
bolus of the drug and/or the application of a 
volatile agent, e.g. isoflurane. The purpose of 
this study was to compare the clinical results of 
sufentanil bolus/isoflurane compared with sufentanil 
infusion. 


Methods 

After this study was approved by the Human 
Subjects Committee, 18 patients scheduled for non- 
cardiac procedures involving general anesthesia were 
randomly selected from the operating schedule. 
After informed consent, patients were anesthetized 
with either the sufentanil bolus technique or 
infusion technique as follows: The Bolus Group was 
pre-oxygenated with 100% 0, for 2-3 min. Sufentani] 
1.5 ug/kg was injected IV over thirty seconds. 
Thiopental was slowly infused until loss of lid 
relfex. Muscl2 relaxation was with vecuronium 0.1 
mg/kg, with reseat doses of 0.015 mg/kg when 
necessary. After tracheal intubation, ventilation 
was controlled. Gas mixtura was 70% N20, 30% 0,. 
Isoflurane 0.5 - 1.0% was administered’ to maintain 
the anesthesia. Reversal of muscle relaxant was 
with neostigmine 0.07 mg/kg and atropine 0.03 mg/kg 
IV. Extubation of the trachea occurred when patient 
responded to command. The [infusion Group was 
treated the sane way with the following exceptions: 
Initial sufentanil bolus was 0.5 ug/kg. Patients 
were then starzed on an infusion of 0.5 ug/min and 
the rate was then altered according to perceived 
anesthetic depth. Only 100 mg of thiopental was 
given, with an option to give an additional 50 mg if 
necessary for sedation. Neither group received 
pre-operative medication. Measured clinical 
variables included blood pressures, heart rates, 
wake-up time, presence of abnormal ECG, OR or RR 
complications, need for vasopressors, RR medication 
and recovery time. Also, electrolytes, renal and 
liver function were measured pre- and one day post- 
operatively. Results were analyzed using,Student's 
t-tests for grcuped and paired data and X° analysis, 
with significarce at p < 0.05. 


Results 

Of the 18 patients enrolled in the study, 12 
were entered in the Bolus Group and 6 were entered 
in the Infusion Group. There was no difference 
between groups with regard to age, weight, sex 
distribution, ASA physical status, baseline 
chemistries and baseline blcod pressures and heart 
rate. As expected, the Bolus Group used more 


thiopental than the Infusion Group (227 + 23 mg vs. 
106 + 1£ mg, p < 0.001), and all the patients in 
the Bolts Group received isoflurane. There was no 
differerce in amount of fluids administered or 
blood Icss between groups. Although there was no 
statistical differences in blood pressures or heart 
rate at any of the several observations made during 
the anesthetic, amount of change from baseline was 
statistically different at several points in each 
group. The Table presents the comparative heart 
rates during the procedures. A significant decrease 
in heart rate from baseline is seen for the Bolus 
Group at induction, after intubation, and after 
incision (p < 0.05), and a significant increase in 
heart rate in the Bolus Group is seen after 
extubtion and on recovery room admission (p < 0.05). 
No significant changes in heart rate were seen in 
the Infusion Group during the study. Pain 
medication was requested by 6 of 12 in the Bolus 
Group and 1 of 6 in the Infusion Group. Wake-up 
time and recovery time were not signficantly 
different between groups, and total sufentanil used 
was not significantly different between groups. 


Discussion 


The advantage of both these protocols over 
repeat boluses of sufentanil] is that a bolus of 
sufentanil given near the end of a case may result 
in subsequent respiratory depression at the end of 
the case. Both the initial bolus technique with 
subsequent isoflurane and the sufentanil infusion 
technique avoid this risk. However, this study 
shows that the hemodynamic stability provided by 
sufentanil] at the beginning of a case can be carried 
through to the end of the case with a sufentanil 
infusion, rather than by relying on isoflurane to 
finish tre anesthetic. 
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TABLE: HEART RATES DURING ANESTHESIA 


Bolus Group Infusion Group 


Baseline 79 + 2, 78 +7 
Induction 72 + 3, 7445 
After Intubation 70 + 3% 80 +9 
After Incision 63 + 3 69 +4 
At Reversal 86 +7 77 +8 
At Last Skin Stitch 87 + 5, 84 + 8 
After Extubation 95 + 8, 86 +7 
On RR Admission 97 + 4 84 +7 
At RR Discharge 8l +5 79 + 4 


p < 0.05 from Baseline 
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Introduction 

Although once widely utilized in patients with 
cardiac disease, use of calcium chloride or calcium 
gluconate is Jess common than in the past due to the 
debate concerning the effect of calcium on the 
myocardium versus the vasculature.! 2 Modifying 
variables which can alter this effect, such as 
ionized calcium concentration, make the cardiovascu- 
lar actions of calcium even less predictable. The 
purpose of this study was to determine the systemic 
and pulmonary vascular effects of calcium chloride, 
in the absence of the natural myocardium, by 
utilizing the Jarvik-7 (TM), Total Artificial Heart 
(TAH). 





Methods 

Following approval by the institutional animal 
resources committee, five Holstein calves weighing 
70-90 kg were studied. Under halothane anesthesia, 
a 7 Fr introducer was placed in the right external 
jugular vein along with an 18 gauge right femoral 
arterial catheter. The animals were allowed to 
recover from the anesthesia and were extubated. Six 
hours post-extubation a pulmonary artery catheter 
was placed and baseline measurements were obtained. 
Calcium chloride was then administered as a bolus 
thrcugh the sheath introducer at a dose of 4 mg/kg. 
Hemcdynamic measurements were then repeated 1, 3, 5, 
and 10 minutes after the drug. Measurements 
obtained included heart rate (HR), systemic blood 
pressure (SBP), mean. arterial pressure (MAP), 
pulmonary artery pressure (PAP), central venous 
pressure (CVP), pulmonary capillary wedge pressure 
(PCWP), and cardiac output (CO). Systemic (SVR) and 
pulmonary vascular resistance (PVR) and stroke 
volume (SV) were calculated from the above data. 
The following day the calves underwent placement of 
a TAH. 

On post-operative day 2, following collection 
of baseline measurements, a protocol identical to 
the above was implemented with the exception that 
left atrial pressure (LAP) was measured rather than 
PCWP. Cardiac output was determined by the Cardiac 
Output Monitoring Diagnostic Unit (COMDU) which 
monitors the performance of the TAH.3 The 
operational drive parameters and HR of the TAH were 
held constant throughtout the period of study. 

Statistical analysis of the data was performed 
with a two-way ANOVA and Student's t-test for 
unpaired and paired data. Significance was set at p 
< 0.05. 


Results 

The results are shown in Table 1 (Pre- and Post 
TAH). The results reveal that there are significant 
elevations in systemic systolic and diastolic 
pressure and pulmonary artery systolic pressure from 
baseline 10 minutes following bolus injection of the 


drug. No other significant changes occurred in the 
preopertive group. No significant changes occurred 
in any of the hemodynamic variables measured in 
response to calcium administration following 
implantation of the TAH. 


Discussion 

Calcium chloride is commonly utilized at the 
end of cardiopulmonary bypass (CPB) in an effort to 
counteract the effects of cardioplegia and 
dilutional hypocalcemia, thereby producing an 
improvement in myocaridal performance. Doses of 
2-10 mg/kg have been shown to transiently improve 
myocardial contractility.! * The findings of this 
study illustrate that in the intact, preop animal, a 
clinical dose of calcium chloride has minimal 
cardiovascular effects. Further, this dose of 
calcium is devoid of significant effects on the 
vasculature in the animals who have undergone TAH 
implantation. 

The findings of this study and others suggest 
that the clinical indications for the use of calcium 
may need to be redefined. In doing so, the use of 
calcium chloride in the clinical arena may be 
largely replaced by other jnotropic agents that are 
both more potent and effective. 
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TABLE 1 
Percent Change From Baseline in Hemodynamic 
Variable Pre- and Post-TAH (Mean + S.E.) ” 
HR Pre 0.1+2.3 -0.743.0 1,521.6 3.042.6 
(beats/min) Post 0+0.0 020.0 0+0.0 0+0.0 
Systolic Pre 0.742.2 0.842 .4 1.441.6 10.946.8* 
mmHg) Post 1.222.4 1,942.1 1,941.2 3.0+1.4 
Diastolic BP Pre 8.3+5.6 7.426.2 12.0+5.7 29.1+10.6* 
(mmHg) Post -13.2#11.3 -10.1+10.4 -9.1+-10.6 -9.7+10.9 
PAP Pre 8.2+3.8 12,643.9 7624.6 20.57 .6* 
{systolic-mmHg) Post 020.0 ~0.520.5 ` 040.0 020.0 
co Pre -2.643.5 4.425.3 4.445.1 -0.2#4.7 
(liters/min) Post 0.242.2 0.342 .3 -2.1+2.0 0.723.0 
SV 5, Pre 5.04#2.9 -3.645.8  -0.03+7.9 16.9412.8 
{dynes-sec cm”) Post -1.2+4.4 1.824.0 5.743.6 3,144.0 
PVR Pre -13.0+16.1 ~23.4£18.4 -23.4+20.7 1,848.4 
5.9+10.8 -8.527.6 -9 847.6 


(dynes-sec cm ~) Post -8.645.6 - 


n=5 * significantly different from baseline p < 0.05 
x significantly different from post-artificial heart group 
p < 0.05 
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Introduction. The effectiveness of ECT for 
the treatment of endogenous depression is 
generally accepted to be related to both duratior 
and generalization of the elicited seizure (1). 
Agents used in the anesthetic management of 
patients undergoing ECT are known to influence 
both (2), as well as make their assessment 
difficult. It is therefore important to 
anesthesiologists and psychiatrists alike’that a 
simple and reliable method be available to assess 
the duration and generalization of seizure 
activity. The purpose of this study was to examine 
the interrelationships among four common methods 
Presently used to measure duration of seizure 
activity. 





Methods. We examined the intraoperative 
records from 14 consecutive FCT treatments of 3 
patients. Anesthetic management of these patients 
included the following: 0.005 mg/kg 
glycopyrrolate pre-op, 1.2-1.5 mg/kg methohexital 
for induction, and 1-2 mg/kg succinylcholine to 
produce neuranuscular blockade. Routine monitoring 
included ECG, blood pressure, and inspiratory 03 
and end-tidal (Oj. Neuromuscular blockade was 
measured by the electrically evoked muscle 
potential (EEMP) fran the abductor pollicis. 
Monitoring of seizure activity was independently 
assessed by the cuff method (3), unprocessed EEG, 
mean integrated EEG amplitude (MIA) and forehead 
electromyogram (FEMG). ‘The latter two were 
obtained from the DATEX/Puritan-Bennett Anesthesia 
and Brain activity Monitor (ABM). The FEMG and MIA 
were determined by selective filtering of 
biopotentials obtained from surface electrodes 
placed over the temporal‘ bone (ground), on the 
nid-forehead (active), and over the mastoid 
process (reference). The FEMG measurement range 
vas 0-15 „V ms at 70-300 Hz. MIA ranged from 0- 
LOO 4V rms at 1.5-25 Hz. Both FEMG and MIA were 
jisplayed on a video monitor and graphic hardcopy 
in Successive 10-second epochs. The digitized 
values of the FEMG and MIA were stored to floppy 
lisc for later statistical comparison. An increase 
in FEMG and MIA of greater than 50% of the pre-ECT 
yaseline was considered as evidence of seizure 
activity. 


Results. The mean and s.d. in seconds for the 
luration of seizure activity as assessed by each 
>£ the methods was found to be as follows: cuff 
17214, FEMG 62:14, MIA 79+30 and ERG 84431. A 
filcoxon signed rank test revealed no significant 
lifference between any of the measures of seizure 
juration. Table 1 shows the Pearson Product-Moment 
‘orrelation Coefficients and the significance 
-evels obtained. All methods for determining the 
luration of seizure activity were significantly 
‘orrelated. 


Discussion. The mean duration of cortical 
seizure activity may be slightly underestimated by 
the MIA. This may be due to the signal processing 
technique. The FEMG seems to provide a more 
sensitive, as well as more objective, measure of 
motor seizure duration. The cuff method depends on 
the subjective evaluation of an observer. 
Increases in FEMG activity persisted despite an 
absence of visible motor movement. Such an 
objectively sensitive measure of motor activity 
may be useful in future evaluations of the effect 
of various anesthetics on motor seizure duration. 
Figure 1 shows a typical response obtained in a 
Single patient. Note that the FEMG remains 
responsive despite the profound neuromuscular 
blockade. 
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Table 1. Correlation matrix 


CUFF MIA EEG 
FEMG 0.72* 0.65* 0.62* 
CUFF 0.79** 0.76* 
MIA 0.98** 


*p=<0.01 **p=<0.001 
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Introduction. The relative cardiac depressant 
effects of (B) compared to (L) have been reported te 
range from approximately 4:1 in vivo in pigs (1) to 
36:1 in isolated guinea pig atria (2). Using the 
more physiologic working rat heart, we have examined 
the comparative cardiac toxicity and effect on 
glycolysis and energy metabolism of (B) and (L). 


Methods. Ad libitum fed male Wistar rats, 
250-275 g, were anticoagulated with 1000 units of 
heparin administered intraperitoneally and 
anesthetized with i.p. pentobarbital, 30 mg. The 
hearts were removed, mounted as a Langendorff 
preparation and perfused with 60 ccm H20 pressure of 
Krebs Hensleit solution containing 10 mM glucose 
with or without insulin, 10 units/L. After 
approximately 10 minute washout and stabilization, 
they were converted to a working preparation with 10 
cm H20 left atrial filling pressure. Following an 
additional 15 minute stabilization period, a 15 
minute experimental period was begun; the perfusion 
fluid could then be changed by means of a 3-way 
stopcock to introduce perfusion fluid containing 
2-3H~-glucose with or without local anesthetic (LA). 
(B) was added in concentrations of 2.5, 5.0, 10.0, 
and 12.5 mg/L and (L) 10, 25, 40, and 50 mg/L. 3HOH 
in coronary effluent was measured to estimate 
glucose uptake. Lactate production and tissue 
glycogen were measured by enzymatic methods. 
Nucleotides and creatine phosphate were measured 
with HPLC. Coronary effluent was collected at 13-15 
minutes from the pulmonary artery and mechanical 
events recorded at 15 minutes. The hearts, when 
desired, were freeze clamped at 15 minutes. 
Statistical procedures were performed on the 
regression of the LA dose versus effect using 
commercially available software. 


Results. Both LA's produced a dose-dependent 
decrease in heart rate (HR), cardiac output (CO), 
coronary flow (CoF) and myocardial 02 consumption 
(MVO9). Insulin did not influence these effects. 
Table 1 shows these regression plots. The relative 
depressant potencies may be expressed as a ratio of 
their slopes, SB/SL, and are tabulated. B and L 
both decreased glucose uptake (GU) and lactate 
production in a dose-related manner. The effect on 
GU was greater during insulin infusion. Neither LA 
affected tissue glycogen nor high energy phosphates 
(HEP). When the B concentration was "normalized" by 
multiplying by 4.59, the effect of the LA's on 
glycolysis were statistically similar. 


Discussion. In the working rat heart, after 15 
min of perfusion, B had a depressant effect of 
approximately 4.5 times that of L. In isolated 
guinea pig atria, the B/L ratio on spontaneous heart 
rate depression was approximately the same as our 
results but contractile depression was considerably 
greater (2). In isolated guinea pig trabeculae, 
stimulated at 3Hz, the relative potencies of 10 m™ B 
and 40 mM L were nearly equal (3). At slower 


frequencies B was much more potent, however. In 
studies on Langendorff heart preparations in rabbits 
(4) and guinea pigs (5), the negative inotropic 
effect of B was more than 10 times that of L. But 
the Langendorff preparation is not as physiologic as 
the working heart. In addition, only with prolonged 
perfusions were these high ratios seen in one prep 
(5) which suggests that the effects were either 
related to an intracellular locus or perhaps to the 
prolonged effect of B vs L (6). It is also of 
interest that the LA's had more effect on GU in the 
insulin stimulated hearts. Both LA and insulin 
stimulation of GU effects are mediated through the 
cell membrane. In summary, in the working rat 
heart, the effect of B and L on function was 
equivalent to their LA potency as was their effect 
on glycolysis and MVO2. The lack of effect of 
either B or L on HEP suggests that the cardiac 
effects are not mediated through energy metabolisn. 


Table 1. B and L influence on cardiac function and 
oxygen consumption. 


Parameter LA Intercept Slope SB/SL 

HR B 245.45 -13.90 5.49 
L 245.70 - 2.53 

MP B 82.27 - 3.05 4.07 
L 82.54 - 0.75 

co B 53.14 - 2.11 4.91 
L 53.32 - 0.43 

CoF B 14.96 - 0.74 4.35 
L 15.62 - 0.17 

MVO2 B 7.66 - 0.37 4.11 
L 7.76 - 0.37 
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INTRODUCTION: The hemodynemic effects of the 
common combination of midazolam and nitrous oxide 
have not previously been studied in patients with 
aortic stenosis. Since this is a relatively high 
risk group of patients during anesthesia induc- 
tion, and since midazolam and N20 may be used for 
anesthetic induction in these patients, we exa- 
mined the hemodynamic effects of this anesthesia 
combination. 

METHODS: With institutional review board appro- 
val 16 patients scheduled fər aortic valve repla~ 
cement were studied. Patients had severe aortic 
stenosis. The patients were premedicated with 
diazepam .1 mg/kg, morphine sulfate .1 mg/kg and 
scopolamine 0.2 mg one hour prior to study. 
catheters were placed in a peripheral vein for 
drug and fluid administration, in the radial and 
julmonary arteries for continuous pressure 
neasurements. Leads I, II and V5 were monitored 
for evidence of ischemia or rhythm changes. 

\fter basline measurements, .2 mg/kg midazolam IV 
vas given in 5 sec. Eight patients received 100% 
xygen, nine patients received 50% N20 and 50% 
32. No muscle relaxants were given. Ventilation 
fas assisted, if necessary. Hemodynamic 
ratiables were recorded at one, three and five 
linutes after induction, since previous studies 
ave shown that peak hemodynamic changes occur by 
‘hese times. Hemodynamic veriables at each stage 
if measurement were tested for group differences 
ising a repeated measure analysis of variance. A 
-value <0.05 was declared significant. 

ESULTS: The patient characteristics are listed 
n table 1. The peak aortic gradient was 83 mmHg 
n the N20 group and 75 mmHg in oxygen group. 

ll patients were anesthetized in less than 30 
econd. Midazalam significantly reduced the mean 
rterial blood pressure (MAP) in both groups of 
atients at 1 and 3 minutes the oxygen group was 
lso reduced at five minutes (table 2). The 
ecrease in MAP did not precipitate any myocar- 
ial ischemia or rhythm disturbance. The heart 
ate (HR) was significantly reduced in the oxygen 
Troup at 3 minutes. Cardiac index (CI) signifi- 
antly fell at 5 minutes in the oxygen group. 

he pulmonary diastolic pressure was reduced 
ignificantly in the oxygen group at 3 min. and 
he nitrous group at 5 min. SVR significantly 
ecreased from baseline only in the nitrous oxide 
roup. 

ISCUSSION: Overall hemodynamic changes after 
idazolam were relatively minor, primarily a 
2crease in blood pressure. The decrease in BP 


tended to be a result of decreased CI in the oxygen 
group and SVR in the N20 patients. This is similar 
to the hemodynamic effect of midazolam in patients 
with ischemic heart disease!. The addition of N20, 
well knorn to depress cardiac function in conjunc- 
tion will opioids, has negligible affects with 
midazolam. We conclude that midazolam can be used 
safely fcr induction with or without N20 in 
patients with severe aortic stenosis. 


TABLE 1. Patient Characteristics. Mean + S.D. 


N20 02 

n=9 n=8 
Wght(kg) 70.7+15.9 76.5+16.4 
BSA(m2) 1.80+.25 1.78.20 
AGE(yr ) 6l+11 65+12 
RAP (mmHg) 543 AF3 
MAP{ mmHg) 96417 10222 
PAD(mmHg) 1676 1748 
EF (%) 55412 55413 
CI(1/min/a2) 2.71459 2.91+.70 
Valve Gradient(mmg)  82.5#31.5 75 .8+43.8 


TABLE 2. Hemodynamics. Mean + S.D. 


HR RAP MAP PAD cI SVR 
Baseline 
N20 6913 9+5 84+10 19+8 2.5+.4 1326+337 
02 6876 8+6 B421 19Fl1 3.0F.7 11894332 


+l Min. 
N20 6976 l0t6 77+10* 17+6 2.3+.4+ 1326+393 
02 676 8&7 74415 18413 2.8t.5+ 11077298 


+3 Min. 
N20 66t6 10+5 71+10* 24+18 2.4+.3 1117+301* 
02 6446 7+5 66+16* 16+10* 2.6+.5 1077+298 
+5 Min. 
N20 6449 6+2 70+12 13+4* 2.5+.3 1209+460* 
n=3 
02 63410 8+4  66+20* 15+6 2.4+.5* 1116+433 
n=5 
*p<0.05 from baseline f 
+p<0.05 between groups N20 and 02 


References 


1) Samuelson PN, Reves JG, Kouchoukos NT, Smith 
LR, Dale KM: Hemodynamic responses to anesthe 
sia induction with midazolam or diazepam in 
patients with ischemia heart disease. Anesth 
Analg 60:802-9, 1981. 


ANESTH ANALG $45 


ABSIRAGTS 1988;67:51-5266 

Title: SUFENTA REQUIREMENTS, PLASMA SUFENTA AND CATECHOLAMINE LEVELS AFTER DIAZEPAM 
DURING CABG SURGERY 

Authors: PJ Dauchot, M.D., AA Lina, M.D., DW van Heeckeren, M.D., J Bastulli, M.D., AH Anton, Ph.D. 

Affiliation: Departments of Anesthesiology and Toxicology and Division of Cardiothoracic 


Surgery, University Hospitals and School of Medicine, Case Western Reserve 


University, Cleveland, Ohio 44106 


Introduction: Fentanyl requirements to induce 
unconsciousness (U) after pre- treatment with 
diazepam (Dz) are well documented ), That 
information is lacking for sufentanil (Sf). We 
examined therefore the Sf requirements to induce U 
and the subsequent hemodynamic (H) response and 
plasma (Pl) Sf, and catecholamine (CAT) levels 
following orotracheal intubation (TI), skin incision 
(Sk), sternotomy (St) and before cannulation of the 
great vessels ‘APB) in patients scheduled for CABG 
pretreated or not with Dz. 


od: Fourteen patients with CAD and 
scheduled for CABG surgery, were studied after 
informed consent. Age ranged from 45 to 72 years, 
and body weight from 62 to 90 kg. Seconal 1.5 
mg/kg and morphine sulfate 0.1 mg/kg were given 
IM, 1 hour prior to surgery. Preparation included a 
5-lead EKG, the infusion of lactated Ringers and 
radial artery cannulation for BP monitoring. After 
random assignment to the combination Dz-Sf (DS, 
n=7) or Sf alone (S, n=7) and 20 mcg/kg of 
pancuronium (P) IV, DS treatment was started with 
100 mcg/kg of Dz followed by a Sf infusion of 150 
meg/min. Ventilation (V) was assisted with 100% 0z. 
Patients were asked every l5 sec. to open eyes and 
to take a deep breath. Failure to comply with three 
consecutive commands was defined as U. Then, 80 
mcg/kg of P were injected and V controlled, followed 
3 min. later by TI and mechanical V with 100% Oz. 
After right atrial cannulation through the IJV, 150 
mceg/kg of Dz were injected followed by the same 
dose of Sf thet caused U. With the omission of Dz, 
the same protocol was used with S. Heart rate (HR), 
systolic and d:astolic blood pressure (SBP and DBP) 
were recorded before induction of anesthesia 
(baseline(B)], kefore and after TI, Sk, and St and at 
ABP. Blood samples for the measurement of Sf 
levels by RIA (Janssen), Pl CATs by LCEC, and Dz 
levels by GC were taken at B, 2 min after TI, Sk 
and St and at ABP. The rate-pressure product (RPP) 
was computed as the product of HR and SBP and 
used as an incex of cardiac work (CW). If SBP rose 
15% above control values and/or DBP above 90 mm 
Hg for more than l min, up to 3 boluses of 50 mcg 
of Sf were injected at l-min. intervals. If SBP 
and/or DBP did not return to the normal range with 
this treatment, enflurane and nitroglycerin were 
added. One- and two-way analysis of 
variance (ANOVA-I-R, -2-R) Newman-Keuls and 
unpaired t-tests were used for statistical analysis. 





Results: H values, plasma Sf, Dz, and CAT levels 
and standard deviations ( ) are listed in the table. 
Statistically significant differences (SSD) between 
the groups at B were not observed. Average Sf 
doses to induce U were 147.3 (47.4) mcg or 2.31(5.6) 
meg/kg with DS and 356.3(114.1) mcg or 4.6(1.7) 
meg/kg with S (p<0.01). With DS, ANOVA-I-R 


revealed SSDs in the overall changes of RPP (p<0.05) 
and of SBP, Pl epinephrine (E), norepinephrine 
(NE), E + NE , (p<0.01). SSDs from B for the 
individual variables are marked in the table as ? 
(p<0.05) and » (p<0.01). With S, SSDs only for NE 
(p<0.05) were observed. ANOVA-2-R showed that DS 
significantly influenced the overall changes in SBP 
and RPP (p<0.01), Pl E, NE + E and Sf (p<0.05) 
compared to S. Specific SSDs between S and DS are 
marked in the table with 4 (p<0.05) and P? (p<0.01), 


Discussion: Compared to S, DS treatment halved the 
Sf dose to induce U, decreased further requirements 
and plasma levels of Sf, decreased the pressure 
component of afterload, RPP and Pl CATs at various 
events. The Sf doses that produced U with S 
confirm data of other studies®). However, in the 
absence of Dz, Sf did not prevent BP to increase 
after TI and failed to decrease RPP and Pl CATs. 
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TABLE, 
Bvonts 
B TI Sk st APB 
HR (b/min) s 69(10) 75(9) 71(10) 74(8) 70(9) 
DS 70(B) 65(10) 66(11) 69(11) 71(10) 
SBP (mm Hg) s 142(9) 155(21)° 140(10)° 181(17) 134(7)4 
152(35) 115(28)> 121(12)" 133(21)" 123(9)" 
DBP (mm Hg) s 74(13) 61(12) 77(9) 81(9) 75(12) 
DS 77(16) 64(14) 71(15) 76(12) 78(9) 
RPP s 97(16) 123(35)9 98(18)¢ 112(21) 94(14) 
(b.mnHg/min.103) DS 107(31) 76(24)" 78(15)" 91(16) 90(135) 
Plasma E s 20(14) 17(22) 12(15) 12(12) 16(12)¢ 
(ng/100 =l) DS 24(15) aqll)® = 64) 4(3)* 5(3)® 
Plaama NE s 36(22) 37(20) 30(11) 34(16) 53(26) 
(ng/100 21) DS 45(24) 23(11)¢ 18(8)* 21(9)8 37(13) 
Plasma E + NE S 55(24) 53(28) 40(11) 46(19)4 93(25)° 
(ng/100 ml) DS 69(37) 31(15)> 24(10)® 26(8)> 42(13)" 
Plasea Sf sS 19(19) 969(910)> 756(475)*+4 1041(746)% 4 794(423)a+0 
(ng/100 al) os 20(26) 242(143)® 294(207)> 158(39)* 198(72)* 
Plasna Dz Ds 20(0) 35(9)* 93(32)* 82(24)> 43(21)° 
(mcg/100 m1) 


Mean hemodynamic, plasma catecholamine, sufentanil and diagzepnm levels and 
standard deviationa ( ) at bosoline (B), after tracheal intubation (TI), 
skin incision (Sk}, sternotomy (St) and before cardiopulmonary bypase (ABP) 
in pationts treated with sufentanil alone (S, n=7) and diazepam-oufentanil 
(DS, n=7) 


a and b: significantly different from baseline for p < 0.05 and < 0.01 
respectively 
d and D: significantly different from DS for p < 0.05 and 0.0) by unpaired 


t test. 
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Introduction: Verapamil (V) is a calcium chan. 
blocker with important cardiac and  vasoacti-e 
properties.1 Although V has been reported to be £ 
coronary vasodilator, its effect on left ventriculcr 
blood flow (LVBF) in anesthetized subjects is lere 
clear.? We investigated the effect of V œ 
hemodynamics and left ventricular blood flow (LVB? 
in anesthetized dogs. 


Methods: Ten mongrel dogs (17-25 kg) received = 
mg/kg IV of sodium pentothal and 2 mg/kg IV »i 
succinylcholine, had tracheal intubation, maintenance 
of anesthesia with 0.9% end-tidal isoflurane in 5@ 
N20 and Oz, pancuronium (lmg/kg) and ventilatic: 
controlled to maintain PaCOz: between 35 and 40 tor-. 
End-tidal COz was monitored by infrared analys= 
and temperature maintained beween 37 and 38- 
Heart rate(HR) was monitored from the ECG. A 7 = 
pulmonary artery (PA) catheter, inserted throug 
the right EJV, provided PA and pulmonary capillary 
wedge pressures (PCWP) and CO by thermodilutior. 
The femoral arteries were cannulated retrogradely 
for (1) aortic pressure monitoring, (2) insertion of = 
Pigtail catheter into the LV for the injection of 15 1 
microspheres, radioactively labeled with ™!Ce, ana 
85Sr, for LVBF and 3) arterial blood ge 
Measurements. Mean arterial and PA pressures (MA> 
and MPAP) and systemic vascular resistance (SVE) 
were derived from standard formulae. After baselir= 
(B) measurements, V treatment (n=5) consisted of a 
bolus of V (2E0 mcg/kg over 4 min) followed by a 
continuous infusion of 1 mcg/min. Five othe 
animals received equivolumetric amounts of saline(S ~ 
All measurements were repeated 15 min after th= 
start of the infusion of V or S. After sacrificing 
the animals, the heart was removed and an LV wal 
sample taken for gamma spectrometry by a Beckman 
gamma counter for LVBF measurement. Data wer=> 
expressed in percent of baseline and analyzed fo 
statistical significance using paired and unpaired Ł 
tests. 





Results: At B, no statistically significant differences 
(SSDs) were found between the groups. After S, m 
SSDs from baseline were found. After V, systol& 
(SBP), diastolic (DBP) and MAP dropped by 13% (p Z 
0.02), 17% (p < 0.001) and 15% (p < 0.00m 
respectively and LVBF decreased by 29.6% 

{p < 0.02). No other SSDs in hemodynamics 
variables were found. Linear regressions betwee. 
LVBF on the one hand and SBP and DBP on ths 
other yielded correlation coefficients of 0.77 (p Z 
0.05) and 0.34 respectively. When comparing V to & 
SSDs were found for blood pressure and LVBF (ses 


figure). 


Discussicn: Isoflurane and V have hypotensive and 
coronary vasodilating effects. Here V caused not 
only a significant fall in blood pressure but also a 
fall in LVBF. The correlation coefficient of 0.77 
found between the V-induced decrease in SBP and 
LVBF may indicate that V may have interefered with 
autoregulatory mechanisms of LVBF and made it more 
pressure dependent. In conclusion, the acute 
administration of V is anesthetized dogs caused mild 
hypotension and decrease in LVBF. 
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INTRODUCTION: Pulse oximetry has become a monitor- 
ing standard in patients with pre-existing lung 
pathology undergoing thoracic surgery, where chang- 
ing jntrapulmonary shunting can result in hypox- 


emia. Brodsky et al reported a close correlation 
between the Mellcor N-100 and directly measured 
oxygen saturations (Sa0,) in these patients. Our 


experience does not agree and we feel this is of 
clinical importance particularly in patients under- 
going thoracic operations. 

METHODS: With the approval of our Investigational 
Review Board, twenty adult patients ASA II-III, mean 
ages = 56 years + 3 SE were studied during thoracic 
operations in the lateral decubitus position. A 
radial artery cannula was inserted and pulse oxi- 
meter finger probe sensors for the Nellcor N-100 
(Nellcor Inc., Hayward, CA) and the Novametrix Model 
500 (Medical Systems Inc., Wallingford, CT) were 
placed on the same hand. Anesthesia was induced 
with thiopental and maintained with nitrous oxide 
50% in oxyger., isoflurane, (.5-1.5%), sufentanil, 
and pancuronium iv as needed. Ventilation was con- 
trolled with a tidal volume of 10ml/kg at a rate of 
8-10 breaths per minute. Arterial blood was sampled 
for Pad, and Sao (Corning model 2500 Co-oximeter) 
at the “following” times: l)immediately prior to 
induction, 2) immediately after induction, 3) during 
bronchoscopy, 4) after positioning, 5) after the 
chest was opened, 6) at 15 minute intervals there- 
after until the end of the Procedure, and 7) when 
the patient was again supine. The blood Sa0, values 
were compared to simultaneous readings recorded from 
the digital displays of the two pulse oximeters. 
Data were subjected to analysis of variance. P<.05 
was regarded as significant. 

RESULTS: A total of 255 matched observations were 
recorded. The most common 0 saturation from the 
Nellcor was 100%, compared to 98% for the Novametrix 
and 96% from the Co-oximeter (Fig 1). The Nellcor 
readings were Statistically different from the 
Co-oximeter at the P<.001 level while the Novametrix 
were statistically different at the P<.05 level. To 
eliminate variables such as changes in temperature, 
pH, and anesthetic effects, we focused on values 
obtained prior to anesthesia while patients were 
breathing room air (Fig 2). The simultaneous values 
recorded from the Nellcor, Novametrix, and Co- 
oximeter are compared with the normal Hgb-0, disso- 
ciation curve. Both the Nellcor and the NoVametrix 
overestimated the Sa0,, while the Co-oximeter close- 
ly approximated the^ normal curve. Even at these 
lower Sa0, levels, the Nellcor values were statisti- 
cally higher than those determined by either the 
Co-oximeter or the Novametrix (P<0.05). 

DISCUSSION: Our clinical experience with pulse 
oximetry agrees with others’ in that it is a val- 
uable modality for following trends in Sa0 during 
thoracic surgical procedures, particularty when 
rapid fluctuations occur due to anesthetic or surgi- 
cal manipulations. The data presented here, however, 
indicate that pulse oximetry, and particularly the 
Nellcor, is inadequate for estimating arterial 


oxygen tension at the "knee" of the oxyhemoglobin 
dissociation curve. For example, a Sa0, value of 
99-100% obtained with a Nellcor device coutd lead to 
the conclusion that the patient’s PaO, was in excess 
of 150 mmHg, whereas the correspondifig mean PaO, in 
figure 2 is only 91 mmHg. It is only when the $a0 
was as low as 94% for the Nellcor and 97% for the 
Novametrix that the expected Pa0,’s corresponded to 
the actual blood gas tension “measurements. We 
conclude, then, that while pulse oximetry is valu- 
able for following trends in perioperative oxygena- 
tion, it does not replace direct measurement of Pa 
for accurately evaluating a patient's ability to 
oxygenate at any given point during a thoracic 
surgical procedure. 
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FIGURE 2 
OXYGEN DISSOCIATION CURVE 
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The combination of muscle relaxant and 
narcotic utilized to anesthetize patients 
with coronary artery disease should not 
produce hemodynamic instability at the 
time of induction of anesthesia. 

This study was done to compare the 
hemodynamic effects of pancuronium(P), 
vecuronium(V) and atracurium(A) during 
induction of anesthesia with sufentanil 
in patients undergoing elective CABG. 


METHODS 

Thirty one patients who were scheduled 
for elective CABG were studied in a 
double blind protocol. The study was 
approved by the human research review 
committee. Beta blockers, calcium 
channel blockers and other medications 
were continued until the morning of 
surgery. Patients were premedicated with 
morphine sulphate 0.15 mg/kg and 
Scopolamine 0.3 mg to 0.6 mg 
intramuscularly 1-1 1/2 hours before 
induction of anesthesia. 

Induction of anesthesia was 
standardized to sufentanil 8ug/kg diluted 
to 100 ml of normal saline and infused 
over 8-10 minutes. 4 mg of lorazepam was 
given during the infusion. Pancuronium 
0.1 mg/kg or vecuronium 0.1 mg/kg or 
atracurium 0.5 mg/kg were infused 
simultaneously. 

Hemodynamic measurements were recorded 
at the following times: Period 1: In 
operating room before induction of 
anesthesia. Period 2: Two minutes after 
completion of sufentanil and muscle 
relaxant (MR). Period 3: Five minutes 
after completion of sufentanil and MR. 
Period 4: Immediately after intubation. 

Differences in patterns of mean 
responses between the three study groups 
were analyzed by analysis of variance 
(repeated measures) and the least 
significant difference test (LSD). 
Probability levels of 0.05 or smaller are 
used to indicate statistical 
significance. 


RESULTS 

The hemodynamics during the study 
periods are presented in Table 1. The 
change in the mean HR from Period 1 to 
Period 3 differs between the three drug 
groups. Pancuronium increases mean HR, 
while atracurium and vecuronium produced 
mean heart rate decline. The heart rate 
changes when compared as vecuronium vs 


pancuronium and atracurium vs.. 


Pancuronium showed a statistical 
significance of P<005. Atracurium vs 
vecuronium was of no statistical 
significance. 

No significant inter-group differences 
were seen in MAP, PCWP, CO, CI, SI, SVR, 
PVR, LVSWI AND RVSWI. 


DISCUSSION 
Our study shows that there are no 


@ifferences in hemodynamic changes 


between P, V and A when used with 
sufentanil except the heart rate which 
increases with P. There are no 
differences in any of the parameters 
between J and A, therefore, they have no 
advantages over one another as the muscle 
relaxants of choice for CABG. 


TABLE 1 


HEMODYNAMIC MEASUREMENTS (MEAN + SD) 


PERICD 1 PERIOD 2 PERIOD 3 PERIOD 4 


P 68.3415.0 71.1+12.1 70.9414 .2 74.3413.0 
V  72.4+15.4 66 .6412.5 63.6413.2 65.8411.1 
A 79.1418.9 69.0413.4 68 .3414.2 74.2413.5 


MAP 

P 100.5416.2 83 .1413.4 83.2413 .6 89.4413 .3 
v 94.34H13.1 73.12415.1 75 8413.1 81.1414.0 
A 94.0418 .9 64,8248 .5 69.,92411..5 74.7414.6 


P 16.0+5.29 13.55+4,74 14.2744.61 14.7345.61 
V  17.3488.37 14.6344.90 14.5646.05 14.2345.37 
A 18.5646.98 14,.7846.51 15.114+7.3 15.5646.11 


P 2.91+40.81 2.77ż40.62 2.7640.62 2.86+0.57 
vV 3.0540.89 2.7740.88 1.64+0.77 2.70+0.58 
A 3.0120.56 2.4340.27 2.4640.26 2.6640.19 
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Introduction. The early physiology (1st week) of 
heart homografts (HH) has been previously reported-. 
However, there is no data during the first 24 hours 
postoperatively. The purpose of this study was to 
measure hemodynamic determinants of ventricular per- 
formance of Hk early after cardiopulmonary bypass 
(CBP). 


Methods. 15 HH recipients (NYHA III-IV) (71+15 
kg, 54413 yrs, 1.8+.2 m@ BSA) were premedicated with 
lorazepam (10-20 mcg/kg), induced with fentanyl (15 
+ 12 mcg/kg) cr ketamine (1.2+.6 mg/kg) and suc- 
Cinylcholine (1.9+.7 mg/kg), ‘sterilely intubated, 
paralyzed with ‘vecuronium (.1 +.07 mg/kg), and 
isoflurane (.25-.75%, Og and air, Fi0g > ./) while 


mechanically ventilated (PaCo? < 33 mmHg, PEEP = 5* 


cm H20). Hypothermic (28°C, plasmalyte® prime) CPB, 
(Hct 25%, Q =1.8 L/min/m@ BSA, MAP = 70 mmHg) was 
used with isoflurane (.25-1%) vaporized in the 


oxygenator (control MAP, amnesia). Arrested HH 
(cold Kt cardioplegia), preserved „in iced saline 
were grafted by standard techniques2. With mechani- 
cal ventilation restored, (Fi0g = 1.0, isoflurane 


25.05% inspired, PEEP = 5 cm H20, PaCo? < 33 mmHg) 
Ca2t and pH corrected, CPB was discontinued (CVP < < 
15 mmHg, CI > 2.5, HR > 100 bpm). 
dobutamine (DBT), dopamīne (DOP), nipride (NTP), 


nitroglycerine (NTG) were used (mcg/kg/min) to main- 


tain CI > 2.5 L/min/m@ before and after CPB. 
Ischemia (IT), reperfusion (RT), and CPB time (CPBT) 


were noted. Hemodynamic profiles were obtained at 
20, 40, and 60 minutes and then at 3-4 hours after 
CPB for 24 hr. Heart rate (HR, bpm), mean aortic 
pressure (MAP, mmHg) central venous pressure 


(CVP,mmHg), mean pulmonary artery pressure (MPAP, 
mmHg), pulmonary artery diastolic pressure (PADP, 


mmHg), cardiac index (CI, L/min/m@ BSA), stroke 
volume index ‘SVI, mL/min/m2) , total pulmonary and 
systemic vascular resistance indices (TPVRI and 
SVRI, SVRI, dynes sec cm~5m2 ) were measured or 


calculated (standard equations3); blood gases, Hct, 
Fi02, Paog (A-a)02 and drug support were recorded 


during measurements in ventilated patients under 
sedation. Analysis of variance for sequential com- 
parisons (EPISTAT®) was used to determine signifi- 


cance. 


Results. 15 HH (IT 163 + 65 and RT 51 + 17 min) 
were transplanced. Hemodynamics (Fig 1) and drug 
support (Fig 2) 20 min off CPB were: HR 109 + 12, 
MAP 71 + 9, MPAP 25 + 5, PADP 18 + 5, CVP 15 + 5, CI 
4.3 + 1.4, SVI 40 + 16, SYRI 1130 + 304, TPVRI 507 + 


219, ISUP (.01-.02, 5 of 15), DBT (6 + 3, 13 of 15) 


DOP (1 + 2, 5 of 15), NTG (3 + 1, 14 ‘of 15) and NTP 
(3 + 2, 14 of 15). Within 3-6 hs there were trends 
to a decline in HR, CVP, PADP and TPVRI with a rise 
in SVRI (Fig 1). Transient increases in SVRI and 
TPVRI cause falls in SVI and CI (Fig 1). SVI was 
well maintained at its 20 min value (Fig 3). 
Inotropic requirements decreased (3-6 hr), while 
vasodilators were needed for 24 hr (Fig 2). 


Discussion. Transplanted HH have adequate first 
24 hr performance if maintained with inotropic and 
vasodilator support. The observed trends suggest an 


Isuprel (ISU), 


early improvement in ventricular compliance and a 
known! more permanent dependance on HR and loading 
conditions. Early systolic performance (SVI) was 
better than previously reported! at 24 hr because 
of aggressive control of loading conditions with 
vasodilator therapy. 
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Introduction. Transient right ventricular dy 
function (RVD) after bypass is common among hear= 
recipients who fulfilled pulmonary vascular i oF 
dance (PVI) criteria for transplantation 4 A 
Intraoperative factors may increase PVI, a know 
determinant of RVD. This study examines the effects 
of anesthesia and supportive interventions on totai 
aulmonary vascular resistance index (TPVRI), a mea 
surement of PVI, before CPB. 


Methods. Heart recipients (NYHA Class III-Iv4 
(Group I: ischemic cardiomyopathy [n=13, 53 +3 
irs, 75 +9 kg, 1.9 + .1 me BSA], Group II: primary 
zardiomyopathy, [n=5, 39 + 21 yrs, 68 + 16 kg, 1.8 - 
,3 m2 BSA]) were premedicated with lorazepam (10-5 
ncg/kg), induced with fentanyl (13 + 8 mcg/kg, Grow 
[) or ketamine (1 + .3 mg/kg, Group II) ana 
succinylcholine (1 mg/kg), sterilely intubated. 
¿cricoid pressure) paralyzed with vecuronium (.- 
ng/kg), anesthesia maintained (both groups) wit: 
*entany] (25 + 16 mcg/kg) and isoflurane (0.25-0.75= 
inspired) and mechanically ventilated (PEEP = 5 c2 
120). Heart rate (HR, bpm), mean aortic pressurz 
‘MAP, mmHg), mean pulmonary artery pressure (MPAP , 
mHg), central venous pressure (CVP, mmHg), pulmon- 
iry artery diastolic pressure (PADP, mmHg), thermo- 
lilution cardiac index (CI, L/min/m2 BSA), systemi : 
ind total pulmonary vascular resistance indice 
‘SVRI, TPVRI [normal: 350 + 80 dynes sec cm-°m2]) 
itroke volume index (SVI), Temp (T°C), ABG, Hct 
"102, PAo2 (mmHg) and A-aDop (mmH } were measured o- 
salculated (standard equations(¢)) preoperativel_ 
‘rom catheterization data or invasive monitoring (P 
‘atheter) after induction, until bypass. Afte- 
nduction, nitroglycerin (NTG), nitroprusside (NTP 
ind dobutamine (DBT) (mcg/kg/min) were administere: 
o augment CI end decrease SVRI and TPVRI. Analysiz 
f variance and Pearson regression  analysi: 
Epistat®) were used to establish significance o 
‘orrelation. 


Results. Prebypass pH, PaC02, Pog, PAoz, (A-a)02 
lct were 7.47 + 0.1, 33 + 6, 327 + 143, 534 + 143 
20 +114, ard 40+ 5 respectively at 35.5° C 
inesthesia and mechanical ventilation did not affec- 
‘reoperative CI of 2.2+.6, HR 89+19, MAP 89+12 
VP 13 + 8 anc MPAP 35 + 7 or TPVRI 1429 + 594 o- 
‘ither group (Fig. 1). In 7 patients of Group I am 
of Group II (responders) DBT (4 + 6) and NTG ane 
ITP (1 + 1) caused a gradual rise in CI, inal 
atients 48% (p < .01), Group I 36% (p < .02) ane 
iroup II 89% (p=.07) from postinduction CI (2.3+.8 
‘65 + .8 and 1.9 + .6 respectively) and SVI rose 265 
n Group I and 80% in Group II from postinductior 
‘VI of 32 + 12 and 21 + 6 respectively (p < .05) 
Fig 1). Concurrently, SVRI and TPVRI decreased ic 
iroup I 34% and 50% (p < .02), Group II 39% (N.S. 
nd 55% (p < .01) respectively, from postinductior 
‘alues (Group I [SVRI 2527 + 975], [TPRVI 1260 - 
'21] and Group II [SVRI 2793 + 1207], [TPRVI 1658 - 
'70]). Percent rise in CI in both groups correlate: 
p < .01, R=.81) with percent fall in SVRI and TPVR 
Fig 2). Postinduction MAP (84 +12), HR (83 + 19 
nd CVP (16 + €) did not change during CI augmenta 
‘ion, whereas MPAP decreased 32% only in Group 


responders (p < .02) from post induction MPAP 39 + 
12 mmHg. In 6 Group I patients (nonresponders) (CI 
2.9 +.7, SVRI 2200 + 912, TPVRI 797 + 362), 
transplanzed for malignant arrhythmias and/or in- 
tractable angina, in whom CI was judged satisfac- 
tory and its augmentation was not aggressively 
pursued (less inotropes and dilators), CI augmenta- 
tion (6%) and TPVRI reduction (20%) were not 
significant. 


Discussion. Anesthesia and mechanical venti- 
lation dd not adversely affect PVI (TPVRI) of 
heart rec‘pients. Furthermore, PVI (TPVRI) can be 
decreased before bypass in 60% of recipients with 
pump fai.ure to lower values than those preopera- 
tively estimated by using high Fi02 and pulmonary 
vasodilator agents. In the remaining recipients 
with indication for transplantation other than pump 
failure, PVI reduction is not necessary. 
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Introduction. Propofol (Diprivan#) is a new 
intravenous (iv) sedative-hypnotic which can be 
used as an adjunct to nitrous oxide for induction 
and maintenance of general anesthesia. Its phar- 
macologic profile consists of a rapid onset and 
distribution, high clearance rate, and short elimi- 
nation half-life with rapid recovery. These pro- 
perties suggest that a close relationship may exist 
between propofolts blood concentration and the 
intensity of its clinical effect. In this study, 
we determined the blood concentrations of propofol 
required to suppress clinical responses to major 
(intra-abdominal) and non-major (body surface) 
surgical stress. Propofol blood levels were also 
correlated with specific recovery indices. 

Methods. Sixty, consenting, ASA I-III, adult 
patients undergoing non-major or major procedures 
were studied. The study was approved by the 
Institutional Review Board. Preoperatively, 
patients were administered a battery of psychomet- 
ric tests (e.g., Trieger, p-deletion, and sedation 
analog scales). Anesthesia was induced with meper- 
idine, 1 mg/kg iv, and propofol, 2 mg/kg iv. 
Following tracheal intubation, anesthesia was 
maintained wita nitrous oxide, 70% in oxygen, and 
an infusion of propofol (0-20 mg/min) that was 
varied according to the presence (inadequate anes- 
thesia) or absence (adequate anesthesia) of somatic 
and/or autonomic responses (e.g., movement, dia- 
phoresis, lacrimation, heart rate or blood pressure 
changes > 20% of baseline values). Bolus doses of 
propofol, 10-2) mg iv, were administered for rapid 
control of patient responses followed by an 
increase in the infusion rate. Postoperatively, 
times to awakening and orientation were noted, and 
psychometric tests were repeated at 30 min 
intervals. Peripheral venous blood samples were 
obtained intraoperatively and up to 8 h 
postoperatively. Samples were analyzed for whole 
blood propofol levels using HPLC. Propofol con- 
centrations were correlated with clinical signs of 
anesthetic depth as well as with recovery indices. 
The effective concentration at which 50% (EC59) and 
95% (ECgs5) of patients achieved specific recovery 
Snäpoiiits were calculated and analyzed with sigmoid 
function modelling. Statistical analysis included 
linear regression, t-test, and Mann-Whitney rank- 
sum test. Values are expressed as mean + S.D. 

Results. LCemographic data were similar for the 
two treatment groups (age, 45 + 15 yrs; weight, 70 
+ 19 kg). Patients who underwent major procedures 
Yeceived more propofol (1605 + 511 vs. 619 + 272 
mg, p<0.01) over a longer period of time (175 + 51 
vs. 67 + 32 min, p<0.01) than patients in the Ton- 
major group. The mean propofol infusion rate 
decreased in an age-related fashion (fig. 1). 
Patients undergoing major (vs. non-major) opera- 
tions required higher blood propofal levels to 
prevent responses during surgery (4.01 + 1.01 vs. 
2.97 + 1.07 ug/ml, p<0.01). Correspondingly, blood 
propofol levels at which responses to surgical 
stimuli occurred were higher in major (vs. non- 
major) surgical patients (3.46 + 0.95 vs. 2.39 + 
0.99 ug/ml, p<0.05) with considerable overlap 
between all groups (fig. 2). There was a positive 


correlation between intraoperative propofol blood 
concentration and the maintenance infusion rate 
(r=0.72, p<0.001). The ECs5g and ECgs values 
(ug/ml) for the recovery indices are: 
Awake Orient P-deletion Trieger Sedation 
ECso 1. 1.07 0.95 0.43 042 0.38 
ECgs 0.52 0.46 0.20 0.20 0.22 
Discussion. A continuous, variable-rate 
infusion of propofol improves the anesthetist's 
ability to titrate this rapid, short-acting anes- 
thetic. The age-related decrease in the main- 
tenance propofol requirement would suggest that the 
elderly are more sensitive to propofol and/or 
display a decreased propofol slearance rate. 
Pharmacodynamic analysis of intraoperative propofol 
concentrations suggests that adequate blood levels 
of propofol are dependent upon the type and sever- 
ity of the surgical stimulus and that a large 
degree of interpatient variability exists. Simi- 
larly, recovery of psychomotor skills occurred over 
a wide propofol concentration range (0.1-0.9 
ug/ml). Thus, to maintain satisfactory anesthetic 
conditions and to provide for a rapid recovery of 
consciousness and psychomotor function, the propo- 
fol infusion should be varied according to indivi- 
dual patient responses to surgical stimulation. 
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Introduction: Opiates injected either intrathecally or 
epidurally produce profound and prolonged analgesia. In- 
addition to their established role in the treatment of postoperative 
pain, intraspinal narcotics might also be useful as adjuncts to 
general anesthes:a. Previously, we demonstrated that the 
intrathecal administration of morphine in rats significantly 
reduced anesthe-ic requirement.* The present study was 
designed to determine whether intrathecal morphine would 
decrease anesthetic requirement in humans. 


Methods: Fecllowing approval from the Committee on- 
Human Research, and after obtaining appropriate written 
informed consent, sixteen patients undergoing major abdominal 
gynecological surgery were studied. All patients were classified_ 
as ASA I or I physical status. 

Subjects were divided randomly into two groups. Prior to 
the induction of anesthesia, subjects in group A received an 
intrathecal injection of 0.75 mg preservative-free morphine 
sulfate. Subjects in group B received the same dose of 
morphine sulfate administered intramuscularly. No other 
premedication was given. 

Anesthesia was induced with halothane, oxygen and nitrous 
oxide. After an adequate depth of anesthesia was obtained, 
succinylcholine was administered, the trachea was sprayed with 
4 ml of 4% lidocaine, and a cuffed endotracheal tube was 
passed. Nitrous oxide was discontinued, a 5 liter/min flow of 
oxygen continued, and the level of halothane adjusted to obtain a 
pre-selected end-tidal concentration. The concentration select 
was adjusted to account for differences in patient age on MAC. 
Ventilation was controlled to obtain an end-tidal PaCO2 between 


27 and 34. Gas samples, obtained from a catheter at the 
endotracheal tube connection site, were analyzed by a mass 
spectrometer. Halothane and CO2 concentrations were 
displayed on a strip chart recorder and the wave forms were 
examined to insure that a plateau phase had been obtained. A 
single standardized halothane tank was used to calibrate the 
mass spectrometer prior to each trial. The pre-selected end-tidal 
concentration was maintained for a minimum of 20 minutes 
prior to the skin incision. A nerve stimulator was used to insure 
that, at the time of skin incision, residual succinylcholine 
paralysis was no longer present. The determination as to 
whether or not grcss purposeful movement had occurred was 
made by an observer unaware of the group designation of the 
subject. Heart rate and blood pressure were recorded 
immediately before and one minute after skin incision. 

End-tidal concentrations were chosen using a modification of 
Dixon's method for sequential sampling of quantal-response 
data.> This sampling technique uses the results of each trial to 
dictate the dose level sampled on the following trial. Thus, in 
the present experiment if a patient did not move at skin incision, 
the next patient in that treatment group was tested at a lower 
concentration of halothane. Conversely, if movement was 
observed, the next patient was tested at a higher concentration. 
The MAC of halothane for both groups was calculated using the 
method of Dixon. The two groups were compared using 
Student's t test with p<0.05 considered significant. 


Results: Intrathecal administration of 0.75 mg morphine 
sulfate produced a significant reduction in anesthetic requirement 
(figure 1), The MAC of halothane for the control group and the 


intrathecal group was 0.78% and 0.46%, respectively. Thus, 
the MAC for the group that received 0.75 mg intrathecal 
morphine was approximately 60% of that determined when the 
same dose was administered intramuscularly. 


Figure 1. 
CONTROL GROUP 
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There were no significant differences between the two 
groups with respect to age, temperature, pre-incision blood 
pressure, end-tidal CO2, duration of anesthesia, or time from 
injection or intubation to incision. 


Discussion: Intrathecal narcotics produce analgesia by 
inhibiting spinal nociceptive transmission. This effect is 
mediated by a direct action at opiate receptors within the the 
dorsal horn of the spinal cord, and does not appear to be 
dependent upon an action at opiate-sensitive sites in the 
brainstem. 

The results of the present experiment demonstrate a 
significant reduction in MAC with the intrathecal administration 
of morphine. MAC has been shown not to vary with stimulus 
intensity once a certain "supramaximal" level has been achieved. 
Thus, intrathecal morphine most likely inhibited afferent 
nociceptive input such that the stimulus was no longer 
“supramaximal”. 

This information has important clinical as well as theoretical 
implications. It supports a useful role for spinal narcotics as 
adjuncts to volatile anesthetics. 
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INTRODUCTION: We have previously demonstrated that 
an elevated plasma glucose (PG) concentration results 
in a poorer neurologic gutcome following temporary 
spinal cord ischemia (SCI) . However, in our previous 
study, PG elevation was accomplished with an IV bolus 
of hypertonic dextrose and the elevation of PG vs the 
control group was substantial (130 mg/dl). This study 
sought to determine whether more modest PG elevation 
achieved in a manner more analagous to common 
clinical events would influence neurologic outcome. 
METHODS: Ischenia of the distal spinal cord was 
produced by temporary balloon occlusion of the aorta 
in the New Zealand White rabbit. Sixteen rabbits of 
either sex weighing 2.6-3.1 kg were allowed water ad 
libitum but were otherwise fasted for 21 hrs prior to 
study. Anesthesia was induced with halothane, 
administered initially in a plexiglass box and 
subsequently by mask. A teflon catheter was place in 
a marginal ear vein and a 4 Fr. balloon tipped 
angiography catheter (Critikon) was positioned 
transfemorally in the aorta with the tip 0.5-1.5 cm 
distal to the left renal artery. Blood pressure was 
recorded continuously via the dye injection orifices 
which lay caudal to the balloon. The groin wound was 
infiltrated with 0.25% bupivicaine and the anesthetic 
was discontinued. 

Five minutes thereafter, on an alternating basis, 
an IV infusion of either lactated Ringer’s solution 
(LR) or 5% dextrose in water (D5W) was started at a 
rate of 7ml/kg/hr. The infusion continued for 90 
minutes at whica time ABG’s, PG, osmolality (OSM), 
hematocrit (HCT), mean arterial pressure (MAP) and 
heart rate (HR) were determined. The infusion was 
then discontinued and the aorta was occluded. Twelve 
minutes later the balloon was deflated and one minute 
thereafter the measurements were repeated. The 
aortic catheter was then removed. Neurologic status 
was graded daily for three days by a blinded observer 
according to a 5 point scale: 0) Paraplegic-no lower 
extremity movement; 1) Paraparetic-flicker of 
Movement only; 2) Paraparetic-good antigravity 
strength but cannot hop; 3) Hops-but not normal; 4) 
Hops normally. The rabbits received daily antibiotic 
(Kefzol, 25mg/kg, IM) and urine was expressed 
manually as required. The neurologic scores at Day 3 
were compared using a rank-sum technique (Mann- 
Whitney test). Student’s t tests for paired and 
unpaired data were used for the within and between 
groups comparisons of all other data. 

RESULTS: There were no differences between the LR and 
D5W groups prior to aortic occlusion with the 
exception of PG which was an average of 46mg/d] 
greater in the D5W group (179415 (SE) vs 133+4, 
p<.01) (see Table). One minute post occlusion, PaCO, 
had decreased significantly in both groups (p<.002)- 
In the D5W group, post-occlusion MAP was 
significantly less (p<.02) than the pre-occlusion 
value. Post occlusion MAP’s did not differ 


significantly between the D5W and LR groups(78+5 vs: 


94+8 mmHg, p<.08) although a trend toward lower 
pressures in the D5W group seems apparent. PG 
decreased during the occlusion period in the D5W 
group (p<.04) and increased in the LR group (p<.04). 
Neurologic outcome was significantly (p<.005) poorer 
in the D5W group (See Figure). 


DISCUSSION: Previous investigations which have 
indicated that an elevated PG may aggravate the 
effects of a period of CNS ischemia have frequently 
entailed dramatic elevation of PG and have commonly 
accomplished it by bolus administration of hypertonic 
(50%) dextrose. In the present study, an adverse 
neurologic effect following SCI occurred when a 
modest elevation (less than 50mg/dl) of PG was 
produced by slow infusion of an isotonic dextrose 
solution. It should be noted that, the apparently 
lower post ischemic MAP values observed in the 
dextrose treated animals may have contributed to the 
neurologic result. However, a similarly deleterious 
effect of moderate PG elevation was recently reported 
in a primate study of cerebral ischemia“, and 
together these investigations further support the 
suggestion that dextrose containing solutions should 
be administered for a specific clinical purpose, 
especially when their is a risk of CNS ischemia. 


REFERENCES: 1. Drummond JC et al. Anesth Analg 
66:S43, 1987. 2. Lanier WL, et al. Anesthesiology 
66:39-48, 1987. 


D5W LR 
PREOCC POSTOCC PREOCC POSTOCC. 

PG 179415# 154+8* 13344 14645* 
MAP 9443 78+5* 96+5 94+8 

HR 248412 295413" 255411 280411" 
pH 7.434.03  7.414.03 7,364.02 7.37.03 
PCO2 28łŁ1 22+1* 26+2 2241* 
PO2 8741 9442" 90+2 96+2* 
HCT 40+1 41+1 39+1 4141 
OSM 284+2 286+2 282+1 283+1 


TABLE. Physiologic data prior to (PRE OCC) and 
following (POST OCC) 12 minutes of infra-renal aortic 
occlusion. See text for abbreviations. * indicates a 
statistically significant (p<.C5) within group 
difference between the pre and post occlusion values. 
# = p<.01 vs PRE OCC PG in LR group. 
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FIGURE. Neurologic score after spinal cord ischemia. 
The rabbits have been ranked according to neurologic 
function 72 hours post ischemia; 4 indicates normal 
function and 0 represents complete paraglegia. 
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Introduction. High doses of sufentanil are 
commonly used either as the sole or primary anes- 
thetic agent during cardiovascular surgery. fF 
complete understanding of the pharmacokinetics oi 
sufentanil is crucial to guide rational clinicaT 
use of the crug. Studies have documented the 
abrupt and marked decline in serum concentrations 
that occurs fol lowing initiation of cardiopulmonary 
bypass (CPB)-. Philbin et. al. studied serur 
levels during CPB and concluded that the decrease 
was primarily the result of hemodilution. The CPE 
circuit for these studies included a bubble oxy— 
genator system. Membrane oxygenator systems are 
now more commonly used during CPB. They are cap=- 
able of absorbing significant amounts of 
sufentanil. However, these in vitro studies were 
done without first coating the membrane with 
albumin. This process is required for optimum. 
>linical function of the oxygenator. Albumin 
zoating could significantly alter the absorption of 
sufentanil. The following study was designed to 
letermine the relative contribution of factors 
ather than hemodilution to the decrease in serum 
sufentani] concentration. In addition, we will 
jetermine if different types of membrane 
xygenators have differing effects. 


Methods. Patients scheduled for elective CABG 
iurgery gave their consent to this study as ap- 
iroved by the Institutional Review Board. A11 
‘atients received their usual morning doses of 
inti~anginal medications. Morphine (0.1 mg/kg» IM) 
nd scopolamine (0.004 mg/kg, IM) were given one 
our prior to induction. Following the application 
f standard monitors, each patient received an 
ntravenous infusion of 5 mcg/kg of sufentanil 
itrate over five minutes. When the patient became 
nresponsive to stimulation, intubation was 
chieved following administration of pancuronium 
0.1 mg/kg). Maintenance of anesthesia was 
ontinued with a second dose of sufentanil citrate 
smcg/kg over ten minutes) and 100% oxygen with 
nflurane supplementation if required. Serial 
lood samples were drawn every 20 minutes from a 
adial artery cannula until 5 minutes after 
nitiation of CPB. Plasma sufentanil concentra- 
ions were determined using a radioimmunoassay that 
as been shown to be both specific and sensitive to 
-3 ng/ml. Patients were divided into 2 groups. 
he CPB circuit in group A utilized a SciMed II 
2mbrane oxygenator (Life Systems Inc.) while group 

utilized a Maxima hollow fiber oxygenator 
Johnson & Johnson cardiovascular). 


Results. Pre-CPB serum concentrations were used 
> construct plasma decay curves. The terminal 
vase of the curve was extrapolated to determine 
ye volume of distribution (VdB) and to determine 
ie concentration five minutes following initiation 
F CPB (Ccalc). The amount of drug remaining in 
ye body (M) was then determined. A second volume 
F distribution (V'd) was calculated by dividing M 
/ the measured serum concentration at that time. 


The results are summarized in the following table: 


OXY GENATOR SciMed Fiber 

n 5 3 

Wig (L) 156413 146429 
Coate (ng/ml) 1,294.11 0.864,36 
M° tng) 200422 146478 
Cmeas (ng/ml) 0.90+.04 0.66+.14 
v'a (L) 226429 1844+64 


Values expressed as Mean + SEM 


There is a significant (p<0.05 paired t- 
test)difference between Ccalc and measured serum 
concentrations „following initiation of CPB only 
for group A. Vd is 42.6 + 11.3% greater than VdB 
for group A and 21 + 22% for group B. 


- Multiple studies have documented 
the decline in serum concetrations of sufentanil 
and other anesthetic adjuncts drugs following ini- 
tiation of CPB. CPB is associated with multiple 
factors which can alter the pre-bypass pharmaco- 
kinetics. Foremost among these is the massive 
hemoditution which occurs but CPB is also asso~ 
ciated with changes in serum protein concentra- 
tions, protein bindings cardiac outputs blood flow 
distribution, perfusion pressure and temperature. 
All of these factors have been suggested to play a 
role in the similar alteration of fentanyl 
kinetics seen in this clinical setting. Although 
closely related to fentanyl, sufentanil has a 
greater lipid solubility and is more highly 
protein bound. As suchs the relative contribution 
of each of the factors discussed above for 
fentanyl will differ for sufentanil. 

The marked changes in volume of distribution 
seen in this study are too great to be accounted 
for by hemodilution alone. These results are 
consistent with a substantial uptake of sufentanil 
by the CPB circuit. These data do not demonstrate 
that priming the oxygenator membrane with albumin 
decreases the drug binding. In addition, despite 
the small number of patients there is evidence 
that the effects of CPB on the kinetics will vary 
depending on the type of oxygenator used. 
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Introduction: Resistance to pancuronium has been demonstrated 
in patients receiving carbamazepine.1 The resistance was 
characterized by a more rapid recovery from neuromuscular 
blockade after an intubating dose of pancuronium. In patients 
receiving phenytoin, a similar effect has been observed after 
administration of pancuronium, metocurine, and vecuronium, but 
not with atracurium.2-3 To help elucidate the mechanism of this 
phenomenon, and to further evaluate its scope, we studied the 
duration of neurcmuscular blockade after vecuronium and 
atracurium in patients receiving carbamazepine. 


Methods: Informed consent was obtained using a protocol 
approved by the Institutional Review Board. We studied thirty- 
five patients undergoing craniotomy for tumors, seizure focus 
excision or ceretrovascular surgery. Patients' ages ranged from 
15 to 45 yrs. Premedication consisted of diazepam 10 mg p.o. or 
midazolam 3 mg i.m. one hour prior to surgery. Patients with 
renal, hepatic, pulmonary, cardiovascular, or neuromuscular 
disease were excluded. Group I patients were on chronic 
carbamazepine therapy and Group H patients received no 
anticonvulsants. Serum carbamazepine levels were in the 
therapeutic range prior to surgery. Anesthesia was induced with 
thiopental 4-5 mg/kg i.v. and fentanyl 8-10 pg/kg i.v. or 
sufentanil 1 pg/kg i.v. Vecuronium 0.1 mg/kg or atracurium 0.5 
mg/kg were administered to facilitate endotracheal intubation. 
Anesthesia was maintained with nitrous oxide 70%, oxygen 30%, 
and 0.25% end-t:dal halothane, measured using mass 
spectrometry. Patients were monitored with radial artery 
catheters, ECG, mass spectrometry, and an esophageal 
temperature probe. Heating pads and a cascade humidifier were 


used to maintain temperature above 35°C. The PCO2 was 
maintained by mechanical ventilation at 25-30 mmHg. Oxacillin 1 
gm was given i.v. to every patient after induction of anesthesia. 
The ulnar nerve was stimulated indirectly near the wrist with a 
Puritan-Bennett Datex 221 Neuromuscular Transmission Monitor. 
The device delivers 100 us square wave supramaximal train-of- 
four impulses at a rate of 0.2 hz via surface electrodes. The 
evoked adductor pollicus response was recorded as the integrated 
electromyogram (EMG). The time to 25, 50, 75 and 90% recovery 
of baseline EMG activity was recorded and the recovery index 
calculated as the difference between 75 and 25% recovery. The 
recovery times after the two neuromuscular blockers were 
compared with controls using the non-parametric Wilcoxon rank 
sum test with a Eonferroni correction for multiple comparisons. A 
value of p<0.05 was considered statistically significant. 


Results: There was no statistically significant difference in age 
between control and carbamazepine patients. At each level, the 
time required for carbamazepine patients to recover from 
neuromuscular biockade after vecuronium was significantly 
shorter than for controls. There was no difference between control 
patients and those receiving carbamazepine in recovery times after 
atracurium. Recovery index was also significantly shorter for 
carbamazepine patients compared with controls for vecuronium 
(743 vs.17+9, p<0.025), but no difference existed for atracurium 
(8.542 vs. 8+2, NS). 


Discussion: This study indicates that patients on carbamazepine 
therapy recover <aster from a vecuronium, than from an atracurium 
neuromuscular tlockade. These results are similar to those of 
Ornstein et al., who showed that patients receiving the 
anticonvulsant phenytoin were resistant to vecuronium-induced 


neuromuscular blockade but not to that of atracurium.? Alderdice 


et al.4 have shown evidence of a direct effect of carbamazepine on 
an in vitro frog motor endplate where carbamazepine decreased 
release of neurotransmitters and diminished post-junctional 
sensitivity to acetylcholine. This does not explain the present 
findings but suggests that the neuromuscular relaxants and 
anticonvulsants may compete for the same site(s) on the 
neuromuscular junction. As previously suggested,» atracurium 
may be more tightly bound at the neuromuscular junction than 
either vecuronium or pancuronium. This may account for the 
anticonvulsants’ lack of antagonism on the effect of atracurium. 
In summary, patients receiving phenytoin appear to have a 
resistance to neuromuscular blockade similar to that of patients on 
carbamazepine therapy. 
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TIME TO PERCENT RECOVERY OF BASELINE TWITCH 
HEIGHT IN MINUTES (MEAN + SD) 


YECURONIUM ATRACURIUM 
Carbamazepine Control Carbamazepine Control 
N=9 N=9 N=8 N=9 
25% 25+7* 40+8 3546 31411 
50% 2847t 47411 4046 35411 
75% 3297 56416 4447 39412 
90% 364107 60418 4747 42413 
Recovery 743+ 1749 942 8+2 
Index 

Age (yrs) 2947 43+18 2848 31411 


*p<0.005 vs. control 
Tp<0.01 vs. control 


¥5<0.025 vs. control 
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Introduction. Isoflurane has well known 
asodilator properties, producing significant 
ecreases in SVR, particularly in skeletal muscle 
nd cutaneous vascular beds. Using chronic nerve 
ecordings, dose-dependent decreases in sympathetic 
fferent tone have been demonstrated (1), but 
iether isoflurane decreases the response of blood 
2ssels to peripheral sympathetic nerve stimulation 
s unknown. The objective of this study was to 
<amine the effects of isoflurane on the neuro- 
ascular junction in isolated canine peripheral 
“teries and veins. This was accomplished by 
termining the response of isolated vascular rings 
) transmural electrical stimulation (ES), and 
icreasing concentrations of norepinephrine (NE) 

id tyramine. 


Methods. Anterior tibial arteries and 
iphenous veins were harvested from pentobarbital 
iesthetized (30mg/kg, IV) mongrel dogs of either 
ax (20-35 kg). Three millimeter rings were 
‘epared, placec in jacketed tissue baths filled 
th Krebs Ringers bicarbonate solution aerated 
th 95% 05/5% COs, maintained at 37°C. Each ring 
iS suspended by fwo stainless-steel hooks passed 
rough the lumen of the vessel with one hook 
‘tached inside the tissue bath, and the other 
nected to a force transducer (FT03) for con- 
nuous measurement of isometric tension. Two 
atinum electrodes placed parallel to the rings 
re used for ES. Electrical impulses consisted 
` square waves (13V, 2 ms, 2Hz, 10min) provided 
‘a direct current power supply and a switching 
ansistor triggered by a Grass stimulator. 
oflurane was added to the gas mixture from a 
pper kettle with metered flow and its con- 
tration in the tissue baths confirmed by gas 
romatography. Each vessel was placed at the 
timum point of its length-tension relationship 
ior to the start of the experiments. Experiments 
cluded measurement of the response of the vessels 

increasing frequencies of ES, determination of 
se-response curves to NE and tyramine prior to, 
ring and following exposure to isoflurane. 
asurement of the effect of isoflurane on resting 
nsion was also made. Each isoflurane-treated 
ssel was paired with a time control. Analysis 
data was done with paired t-tests. p < 0.05 

s considered significant. 


Results. In both vessels isoflurane (1, 2, 
d 3 MAC) produced significant decreases in 
Sponse to electrical stimulation (See Figure). 
eater decreases in tension were observed in the 
terial preparations. Isoflurane did not alter 
sting tension, and did not alter the response 
exogenous NE in either arteries or veins. 
oflurane (3 MAC) also did not alter the response 
tyramine in the veins. 


"h EVOKED TENSION 


Discussion. Transmural electrical stimulation 
causes the release of endogenous NE from vascular 
sympathetic nerve endings by a calcium-dependent 
mechanism, while tyramine causes release of NE 
by a calcium-independent mechanism. In the present 
experiments isoflurane caused significant decreases 
in response to ES but not to tyramine or to 
exogenous NE. This suggests that isoflurane 
interfers with calcium-dependent NE release but 
does not effect calcium-independent NE release 
or NE receptor senstivity of the vascular smooth 
muscle. The greater inhibition of the response 
to ES of arteries than of veins is consistent 
with the clinically observed large decreases in 
SVR and modest venodilator properties of this 
anesthetic. These data suggest that part of the 
vasodilation caused by isoflurane is the result 
of its decreasing calcium-dependent NE release 
from vascular adrenergic nerve endings during 
sympathetic nerve activity. 


Reference. 
1. Seagard JL, et al: Effects of Isoflurane on the 
Baroreceptor Reflex. Anesthesiology, 59:511-520, 
1983. 


ANTERIOR TIBIAL ARTERY 


PRE ISOFLURANE 
DURING-ASOFLURANE 
i POST-ISOFLURANE 
























* 





lls 









KS 
Wo 





»> 


*4 EVOKED TENSION 
z 


WOM 





SS 
MOK HH 


ZZ 


Md 
MMMM 


LQ YAN 


AN*“titits 
VM 


[AS MQHM MN 
WM. 





LSS 
WD 
SS 


N N fa; AS 


INTROL EXPERIMENTAL TIME CONTROL EXPERIMENTAL TIME CONTROL EXPERI 





TIMI 


3 
= 


SAPHENOUS VEIN 






* 












> 


SMS 
dd 








OOKMOO 


\ CUM 
\ UMMM 


HOM 
LUULU ULA 


YK MYM 


AX Ms 


ZZ 
SS 


N 


N ZAN 
TIME CONTROL EXPERIMENTAL TIME CONTROL EXPERIMENTAL TIME 


1 MAC 2 MAC 3 MAC 


AN 





fa} 


Effect of 1, 2, and 3 MAC isoflurane on 
2 Hz sustained ES in paired arteries and 
veins. Results expressed as percent of 
the maximal evoked tension pre-isoflurane 
treatment. Data are mean + SEM. *=p<.05. 


ENTAL 


ONTROL EXPERIMENTAL 


ANESTH ANALG S57 


ABSTRACTS 1988;67:S1-$266 
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Introduction: Unilateral intrapleural inter- 
costal nerve block provides pain relief in a 
variety of clinical situations. 245354 This 
study is to evaluate the peri-operative pain 
relief of bilateral intrapleural intercostal 
nerve block (BIINB) in midline and across 
midline abdominal surgical interventions. 


Method: With institutional approval and pa- 
tients’ consent bilateral intrapleural cath- 
eters were inserted after surgery using Man- 
cao* dual-carnula system at the angle of the 
8th rib 10 cm. from midline. Bupivacaine 
with epinephrine (BE) was administered in 
each side as follows: (a) 20 cc of 0.5%, 

(b) 30 ce of 0.75%, and (c) 20 cc of 0.75%. 
Arterial blocd levels of bupivacaine were 
determined 15, 30, 60 and 120 minutes using 
gas chronatocraphy.” In 16 patients under- 
going similar surgery (control group) we 
compared the frequency of narcotics admini- 
stered 4 days peri-operatively, the post op- 
erative hospital stay and other variables. 
Student T test and analysis of variance were 
used when applicable. Statistical signifi- 
cance was obtained at P< 0.05. 

Results: BE 20 cc 0.5% was ineffective in 3 
patients and 30 cc 0.75% was toxic in 2 of 5 
patients. BE 20 cc 0.75% was effective with 
no toxicity in 18 patients: cholecystectomy 
6, gastrectony 5, aortic surgery 2, nephrec- 
tomy 2 and expl. lap. 3. The two groups were 
comparable and the changes in blood pres- 
sure and pulse rate in recovery unit were 
insignificant. Fig. 1 shows bupivacaine 
blood levels & Table 1 shows other findings. 
FIGURE I 
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0.5% BE G-1 20 ce (n=3) 
=| 3.75% BE 3-2 30 ce (n=4) 
0.75% BE 3-3 20 ce (n=5) 
Differences bet. Gl and G2 were all signi- 
ficant. 
Differences bet. Gl and G3 were all insig- 
nificant. 
Differences bet. G2 and G3 wėre only signi- 
ficant at 15 and 120 minutes. 


TABLE I 
FREQUENCY OF NARCOTICS USED, P/O HOSPITAL 
STAY, DURATION OF PLEURAL CATHETERS AND 
DURATION OF Ist, 2nd AND 3rd DOSE OF BE. 
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x Statistically significant difference. 
* Difference from lst dose, not significant. 
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Discussion: BIINB provides profound, pro- 
longed and repeatable pain ralief. Ve 
recommend using dosages of 20 cc 0.75% BE 

in each side. BIINB decreased significantly 
the frequency of narcotics administered 

in the lst 4 days after surgery. 
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itle: LABETALOL VS. NITROPRUSSIDE FOR DELIBERATZ HYPOTENSION: EFFECTS ON SYSTEMIC HEMODYNAMICS AND 
ARTERIAL OXYGENATION 


uthors: N.R.Fahmy, M.D., M.R. Bottros, M.D., J. Saarchaflieh, M.D., N. Sunder, M.D. 
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Labetalol is a drug that blocks both alpha and 


i rate were not significantly changed during 
tta adrenergic receptors. It has been advocated 


: . b labetalol-induced hypotension. Blood pressure 
r deliber te hypotensicn during halothane returned gradually to control after the termination 
lesthesia. ° However, its hemodynamic profile is of anesthesia. Rebound hypertension was not 
t well defined. We compared its effects on observed. EA 


modynamics and arterial blood gases with those of Arterial blood PO, was significantly decreased 

dium nitroprusside. : ‘(P<0.05) in the two groups. Blood loss was not 
Methods. Twenty consenting adults were enrolled significantly.different between the groups. There 

. the study which was approved by the institution. were no postoperative sequelae in either group. 

1 patients were scheduled for major procedures i ` Discussion. Our results demonstrate that 
quiring deliberate hypotension to decrease labetalol is an effective hypotensive agent during 


traoperative blood loss. They were randomly enflurane-N,0 anesthesia. Its beta-adrenergic 


signed to receive either labetalol (n=10) `or : “blocking activity (both beta 1 and 2) is evident by 





troprusside (n=10). Demographic data 7 were” ` ` ‘the ‘absence of tachycardia and unchanged cardiac 
mparable in both groups. They were _premedicated _- Output in response to a decreased systemic vascular 
th oral diazepam (0.1 mg/kz) and _ intramuscular _ resistance... This is in contrast to nitroprusside, 


rphine (0.1 mg/kg). -Anesthasia was induced _with ‘a direct-acting vasodilator, which is associated 
iopental, 5 mg/kg, followed by succinylcholine, - with reflex activation of the heart rate and 
mg/kg, for endotracheal intubation. Anesthesia cardiac output. 

8 maintained with enflurane (1-2%, inspired), The,’ qualities of hypotension produced by 
0:0, (3:2 L/min), and curare, in doses sufficient labetdIol differ from those of nitroprusside. 
block neuromuscular transmission. Intravascular Labetalol has a slow onset of action, and does not 
theters were inserted prior to induction Of .., ‘require adjustment of the rate of infusion. Once 
esthesia for monitoring arterial and ` central hypotension is achieved, it is maintained for 3-6 
nous pressures, and for blood sampling. .| hours. After termination of anesthesia, blood 
potension was induced, prior to the ‘surgical ..’ `; Pressure returns to preoperative values in 13 to 22 
rision, using either incremental doses of - ' 3 minutes, without a rebound increase in pressure. 
travenous labetalol oor an- infusion | of Our „results differ from those published by 
:roprusside (0.01% solution). Labetalol | was... Kaufman’ anê Scott et al. These authors induced 
ven in an initial dose of 20 mg and the response. © hypotension with smaller doses (25 mg) of labetalol 
sessed after 3-5 min. Further doses (10-20. ` mg during halothane anesthesia. We found that the 
:rements) were administered until a mean arterial dose requirements for labetalol ranged from 90 to 
èssure of 50-55 mmHg was obtained. A -similar 230 mg to achieve a mean arterial pressure of 50-55 
2ssure was obtained in the nitropruss ide}‘group by mmHg. This discrepancy might be related to a 
justing the rate of infusion... . Hemodynamic different patient population and the anesthetic 
surements and arterial blocd samples" (for PO,, agents employed. 

),, and pH) wére obtained before “hypotension, 30 Labetalol is a useful hypotensive drug during 
- 60 min after hypotension was ‘achieved, before general anesthesia for procedures requiring several 


md ., closure’ (labetalol':, roup) or after hours of deliberate hypotension. 
mination -of infusion (nitroprusside group). References 
‘diac, output was: measured’ in duplicate by dye l. Kaufman L: Br J Clin Pharmacol 8:2298, 1979, 





ution, intravascu „y pressures were transduced, 2. Scott DB: Br J Clin Pharmacol 3:821, 1976. 
‘heart rate obtainéd from the ECG. Post- 

rative asséSsments were made 2 and 24 hours 

er. opératiok 
Results...'Hypotension produced by labetalol or 
decreased 
However, 
differences between the hypotension 
duced by the two compounds. Nitroprusside- 

uced hypotension was rapid in onset, associated 
h a significant increase (P<0.05) in heart rate 
cardiac output, and a rapid return of blood 
ssure to control values upon discontinuation of 
usion. There was rebound hypertension in three 
ients. After labetalol, the reduction of 
ssure was slow in onset; a mean arterial 
ssure of 50-55 mmHg was achieved in 14 min 
oge 11 to 21 min). Cardiac output and heart 
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ABSTRACTS 
Title: EFFECT OF THE FASTING INTERVAL ON GASTRIC pH AND VOLUME IN CHILDREN 
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Affiliation: Department of Anaesthesia and the Research Institute, The Hospital for Sick Children and the 
University of Toronto, Toronto, Ontario. 
Introduction: The literature presents References: 


conflicting data concerning the preoperative 1s 
fasting period for pediatric patients.!.2 To 

more accurately define preoperative fasting 

regimens in pediatric patients, we determined the 2. 
effects of the fasting interval on the gastric pH 

and gastric fluid volume in pediatric patients. 

Methods: After approval from our Committee on 
Human’ Research, informed written consent was 
obtained from thirty-five pediatric patients and/or 
their parents to participate in a prospective 
randomized blinded study. All patients were 
unpremedicated, ages 1 to 18 years, ASA I or II, 
with no evidence of gastrointestinal disorder, and. 
scheduled for elective surgery. Each child was 
randomized to receive 2 ml/kg of water orally at 2, 

4, or 6 hours before the scheduled surgery. All 
patients were supine and horizontal before 
induction of anesthesia. After an intravenous 
induction and endotracheal intubation, an 
orogastric tube was inserted into the stomach. 
position of the tube was confirmed by injecting 
several ml of air and auscultating over the 
epigastrium. An aliquot of gastric fluid (2-15 ml) 
was aspirated through the tube and 2 ml of the 
aspirate was retained for pH determination. 

Two mg/kg of sulfobromophthalein sodium (BSP), a 
nonabsorbable water soluble marker dye in a 5% 
solution, were injected into the stomach and 
flushed with the excess aspirated gastric fluid. 
Air was then injected to flush the tube. The 
marker dye was thoroughly mixed with gastric fluid. 
The stomach contents were then aspirated as 
completely as pcssible. The volume of gastric 
aspirate was measured in a graduated syringe. 

Two ml of the latter aspirate were retained for 
analysis of the BSP concentration. The pH was 
determined using a radiometer PHM62 standard pH 
meter calibrated with three standard buffer 
solutions: pH 7.0, 4.01 and 1.0. BSP 
concentrations were determined by colorimetry using 
a Gilford Stasar III Spectrophotometer. 

Results: Gastric fluid was obtained in 34/35 
patients. We found that 79% patients had a gastric 
pH (mean + SD) less than 2.5 (2.10 + 0.92) which 
was independent of the fasting interval (Figure 1). 
Gastric volumes as determined by the BSP dilution 
technique were significantly greater than the 
volumes of gastric aspirate (t-test, p < 0.05). 
Gastric volumes (by BSP dilution) were greater than 
0.4 ml/kg in 88% of the patients (1.68 + 1.3 ml/kg) 
independent of the fasting interval (Figure 2). 
Both gastric pH < 2.5 and gastric volume 
> 0.4 ml/kg were present in 76% of patients. 

Discussion: The results of this study 
demonstrate that fasting intervals between 2 and 6 
hours do not protect pediatric patients from 
gastric pH < 2.5 and gastric volumes > 0.4 ml/kg. 
This suggests that at present, most fasting 
pediatric patients undergoing elective surgery are 
at risk for serious pneumonitis following 
aspiration of gastric contents. 


The 


gastric pH 


calc. vol (ml/k) 


Meakin G, Dingwall AE, Addison GM. 


Effects of 
preoperative feeding on gastric pH and volume 
in children. Br J Anaesth 1985;57:832P-33P 
Manchikanti L, Colliver JA, Marrero TC, 

Roush JR. Assessment of age-related acid 
aspiration risk factors in pediatric, adult, 
and geriatric patients. Anesth Analg 

1985; 64:11-7 


FIGURE 1 





100 200 300 400 500 


time (min) 


> FIGURE 2 





time (min) 


S60 ANESTH ANALG 
1988;€7:S1-S266 


ABSTRACTS 


Title: HEMODYNAMIC EFFECTS OF NIMODIPIME ADMINISTERED TO CATS FOLLOWING 
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Introduction: In recent years much interest has been focuse= 
on methods of attenuating neurologic deficits occurring in patiems 
successfully resuscitated from cardiac arrest. It has been suggeste= 
that a group of drugs known as calcium entry blockers may haw 
beneficial effects upon neurologic outcome when administerei 
following an episode of complete cerebral ischemia. The calciu=t 
entry blocker nimodipine (N), hes been shown to significantly 
improve post-ischemic neurologic outcome in non-cardiac arre-t 
nodels of complete cerebral ischemia (1,2). The effects of N a 
systemic hemodynamics and neurologic outcome in a cardia> 
urest model of complete cerebral ischemia have not previousL, 
deen examined. In. anticipation of studies of the effects of N upc. 
1eurologic outcome, we have examined the hemodynamic effecs 
X N when administered to cats following resuscitation fron 
‘ardiac arrest. 

Methods: Fifteen colony bred cats weighing 2.0-2.9 kg wer: 
tudied with Institutional Review Board approval. Cats wer 
mesthetized with halothane 4.0% inspired, followed b~ 
vancuronium 1.0 mg iv to facilitate tracheal intubation. Halothan= 
vas decreased to 1.0-1.5% inspired and nitrous oxide 65% i: 
ixygen was added. Maintainance fluids consisted of norma 
aline at 4 ml/kg/h with pancuronium 0.5 mg/h. Ventilation an] 
-mperature were controlled to maintain normocarbia ant 
ormothermia, respectively. EKG and EEG were monitore. 
ontinuously using needle electrodes. Following local infiltratio- 
rith 0.25% bupivacaine, cannulas were passed into the dista 
orta and right atrium (RA) via an incision in the left groin. Th: 
A cannula was placed with EKG guidance. A wire protrudin; 
-5 mm from the RA end of the cannula was left in place. 
falothane was discontinued and external stimuli were kept to = 
tinimum for the next 30 min. Control (CONT) values of mear 
‘terial pressure (MAP), central venous pressure (CVP), heart rate 
IR), temperature, EKG, EEG, arterial blood gases (ABG), anc 
ood glucose were obtained. Ventricular fibrillation was inducec 
y passing a 20 voit, 60 Hz, AC current between the wire in the 
A and a needle placed percutaneously over the palpable cardiac 
apulse. AC current was maintained for up to one min. 
entilation was stopped and the endotracheal tube occluded. Cats 
ith any spontaneous, perfusing heart beats following one mir 
ere excluded from further study. After 13.5 min ventilation was 
sumed with 100% O2. Thirty seconds later closed chest cardiac 
assage (CPR) was initiated. Sodium bicarbonate 1 meq/kg, ané 
linephrine 15 g/kg iv were administered iv into the RA. After 
1e min of CPR a single 20 joule DC shock was given between 
‘ternal paddles. Sodium bicarbonate, epinephrine, and DC 
ock were repeated 3 times at one min intervals if needed. If the 
ird defibrillation was unsuccessful, lidocaine 1 mg/kg and 

opine 0.05 mg/kg were administered and DC shock Tepeated. 
Resuscitation was considered successful when systolic blood. 
essure was maintained above 10) mm Hg without CPR by 4 
n. ABGs and blood glucose were checked at 5-7 min, 30 min, 
h, 4 h, and 8 h post-resuscitation. MAP was maintained. 
tween 90-140 mm Hg with normal saline, trimethaphan (TMP), 
d dopamine (D) ar norepinephrine (NE) as needed. Beginning 
5 min post-resuscitation, cats received in an unblinded, random. 
hion either N 10 g/kg over 2 min plus 2 j1g/kg/min for 8 h or 
nilar volumes of the N diluent (placebo [P]). The N diluent 
nsists of a mixture of ethanol and polyethylene glycol 400 as- 
plied by Miles Laboratories. Following return of continuous. 





EEG activity (1-2 h) morphine 0.1 mg/kg and either diazepam 0.2 
mg/kg or midazolam 0.5 mg/kg were administered iv for sedation. 

Statistical differences between N and P cats were determined 
by use of unpaired t tests. Intragroup differences were determined 
with ANOVA, followed by paired t tests with corrections for 
multiple comparisons. A probability of < 0.05 was considered 
Significant. All data are reported as mean + SD. 

Results: One cat was excluded from data analysis for failure to 
be resuscitated within 4 min. There were no significant 
differences in MAP, CVP, or HR between N or P groups except 
for a greater MAP in the N cats at CONT, a lower HR and CVP in 
the N cats at 30 min and 1 h, respectively (Table). MAP was 
decreased in the N cats at 30 min, 1, 4, and 8 h compared to 
CONT values. MAP in the P cats was decreased at 30 min and 8 
h when compared to CONT values. There were no significant 
differences in ABGs between N and P treated cats at anytime. 
Blood glucose was significantly greater in N cats at 1, 4, and 8h 
compared to P cats. 

Four of six P cats required treatment with TMP (6.1£6.7 
ug/kg) to maintain MAP below 140 mm Hg. All N cats required 
either D (3004145 j1g/kg) or NE (829+770 g/kg) to maintain 
MAP above 90 mm Hg. (Total doses over 8 h). 

Discussion: If calcium entry blockers such as N are to have a 
Tole in the treatment of patients successfully resuscitated from 
cardiac arrest, then N must be shown 1) to have beneficial effects 
upon the brain, and 2) to have no deleterious systemic or 
hemodynamic effects. Previous studies have shown that N can 
attenuate neurologic damage following non-cardiac arrest complete 
cerebral ischemia (1,2). In the current study we have shown that 
N, in large doses, can be administered to cats followin g Successful 
Tesuscitation from cardiac arrest, with vasopressor support. In 
pilot dose-seeking studies, we found that doses of N larger than 





- 10 pg/kg + 2 ug/kg/min were associated with unacceptable 


hypotension and acidosis. The etiology and significance of the 
elevation of blood glucose observed in the N cats is unclear and 
requires further examination. 

References: 
1. Steen PA, Gisvold SE, Milde JH, Newberg LA, Scheithauer 
BW, Lanier WL, Michenfelder JD: Nimodipine improves 
outcome when given after complete cerebral ischemia in primates. 
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2. Steen PA, Newberg LA, Milde JH, Michenfelder JD: 
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after complete cerebral ischemia in the dog. J Cereb Blood Flow 
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Table 

CONT 3-7MIN 30MIN 1H 4H 8H 
MAP P 138416 112435 100+8# 108+21 101424 102+18# 
N 156&11* 131432 92+11# 101+16# 108+17# 95+15# 

HR P 20517 251431 264429 242+25 222+33 2006+41 
N 233432 23445 227+14* 220423 228416 19647 
CVP P 5.0#2.6 8.742.2 6.0+2.4 6.31.6 4.7414 3.4411 
N 2.043.2 8.644.5 4.042.9 2.742.7* 3.041.8 3.0423 
GLU P 112434 3934203 ——— 2234149 175+79 1794494 
N 119436 5814186 ———- 3674118#* 288+32* 277+36* 


P=Placebo(n=6) N=Nimodipine(n=8) GLU = Blood glucose 
*p<0.05Pvs.N  #p<0.05 vs. control 
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Introduction Alpha 1 Acid Glycoprotein (AAG) is 
an acute phase plasma protein which increases in 
response to stress (1). It is also the main binding 
protein for certain basic drugs such as lidocaine, 
bupivacaine and meperidine (2). Because these drugs 
are commonly used in parturients any change in AAG 
either during or immediately following labor may 
affect the active fraction of these drugs. To date 
we have no information on changes in AAG 
concentration during labor and for that reason this 
study was undertaken. 


Methods Only healthy women, at term, were 
included in the study. All were due to have 
induction of labor by artificial rupture of 
Membranes. Patients with pre-eclampsia and those on 
concommitant medication were excluded from the 
study. Patient and local University Medical 
Research Ethical Committee approval was obtained. 
Ten millilitres of venous blood was obtained before 
labor, during early labor, established labor, at 
delivery and day 1 post partum. The samples were 
centrifuged and zhe supernutant serum was stored at 
-20°C until analysis. AAG estimations were by 
Beckman Array Protein analysis using a rate 
methylometer. Statistical analysis was by students 
paired 't' test. 


Results Thirzy one patients were included in the 
study. Ten received epidural analgesia for pain 
relief and twenty-one received narcotic analgesia. 
Duration of labor and parity were similar in both 
groups. Figure 1 shows mean serum AAG levels (SEM) 
during the various stages of labor. Patients 
receiving narcotics had a significant increase in 
levels during labor from 0.41 g1-1 before labor to 
0.47 gi-1 at delivery (p< 0.001) while patients 
receiving epidurals had no rise in levels during 
labor. This rise was not related to the duration of 
labor. Both groups had significantly higher levels 
on day 1 post partum rising from 0.41 to 0.60 gi-t 
(Pp < 0.001) in the narcotic group and from 0.41 to 
0.57 g171 (p < 0.02) in the epidural group. AAG 
concentrations in cord blood were 0.19 and 0.17 
gl-1 respectively. 


Discussion AAG rises in patients undergoing 
surgery about 6 hr following skin incision, reaching 
a peak at 48 hr and does not begin to decline until 
about 120 hr (3). There appears to be no difference 
in trend between major or minor surgery. Because 
AAG is the main binding protein of many drugs used 
in obstetric practice the active (unbound) fraction 
of these drugs will be inversely proportional to the 
serum concentration of this protein. 


This study would suggest that as the AAG 
concentration increases during labor the efficacy, 
distribution, placental tranfer and clearance of 
these drugs may be altered. Epidural analgesia, on 
the other hand, ablates the stress response and no 
rise in AAG is seen while the block is effective. 
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Figure 1. Mean serum levels of AAG (SEM). 
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INTRODUCTION. Several studies have-demonstrated the efficacy 
of administering local anesthetic via an intrapleural catheter. in 
controlling post-operative pain from subcostal incisicns 
(1,2,3,4). The vast majority of patients studied required no 
additional pain medication other than intrapleural bupivacaine. 
The intent of this study was to evaluate the effect of intrapleural 
bupivacaine given every six hours on the post-operative 
hospital course and to determine the time course of pain reief 
from a single bolus of intrapleural bupivacaine. An analysis of 
patients randomized to a group receiving intramuscular narcctic 
injections or intrapleural bupivacaine was conducted. Narcctic 
requirement, pulmonary function, pain control over 24 hotrs 
were studied. In addition, length of recovery room and hosp tal 
stay were evaluated. 

METHODS. Eighteen adult patients undergoing cholecystectomy 
were consented and enrolled in this study which was approved 3y 
our Human Subjects Committee. Those patients randomized to 
the catheter group had an intrapleural catheter placed 
percutaneously through the six or seventh intercostal space as 
previously described (5). The catheter was directed media ly 
and cephalad 6 cm. The position was determined by chest x-ray. 
In both the IM and catheter groups, narcotics were ordered on a 
prn basis. Patients were told to request narcotics for pain. 

Up to 3 mg/kg (20 to 30 mis) of 0.5% bupivacaine with 
1:200,000 epinephrine were injected every six hours over a 
twenty-four hour period. Sensory anesthesia to pinprick was 
obtained over the thorax unilaterally in all cases. 

Pain was assessed using the visual analog scale(VAS) six 
hours after each bolus. At that time, patients were asked :o 
indicate their average level of pain over the previous six houss. 
Measurements of their oxygen saturation and forced vital 
capacity (FVC) were taken twenty-four hours following tre 
operation. The FVC is reported as percent of the preoperative 
value. Cumulative 24 hour narcotic requirement cm 
post-operative day one is reported in morphine equivalents. 

In addition to the above measurements, the time course of 
analgesia from a single bolus of bupivacaine was studied. The 
fourth bolus was chosen so that the effect of residual operative 
anesthesia would be minimized. Visual analog scores were 
recorded immediatly prior to and at hourly intervals followirg 
the bolus. FVC and oxygen saturation were recorded prior to ard 
at 1 and 6 hours following the bolus. All data were analyzed fcr 
statistical significance by either the two tailed, unpaired 
Student's t-Test or the Chi-Square test. 

RESULTS. There was no statistical difference in subject age, 
distribution of sex, or preoperative pulmonary function (tables. 
Even though the IM group received significantly more narcotc 
intraoperatively, 88% of the patients in this group required 
additional narcotic in the recovery room compared to 33% in the 
catheter group (p<.01). Patients receiving intrapleural 
bupivacaine had significantly better post-op analgesia over th2 
first 24 hours when compared with the IM group (mean VAS 4.3 
vs 3.2). Despite these findings, there was no difference in th2 
narcotic requirement over this same 24 hour period. There was 
also no difference detected between groups when comparing 
pulmonary function tests at 24 hours post-op, recovery room 


stay, or time to discharge (table). No difference in time to first 
ambulation between groups was found (not shown). 

The duration of a single bolus was analyzed in closer detail. 
Hourly VAS scores following the last bolus were significantly 
decreasec from 5.9 to 2.1, a difference which persisted until the 
fourth hour (p<.01) see graph. This correlates well with the 
mean time for requesting additional narcotic 
(4hrs,2minstthr,16mins). A significant improvement in FVC 
from 1.2+).5 liters to 2.00.7 liters was detected an hour after 
the last bolus(p<.01). However, no statistically significant 
improvement could be demonstrated six hours after the last 
bolus (1.5+0.8 liters). No difference in oxygen saturation was 
found during that same interval. 

Small, asymptomatic pneumothoraces (1to5%) were 

detected following three of the nine catheter placements but all 
had resolv2d spontaneously by the next morning. 
DISCUSSION. Bolus intrapleural bupivacaine is effective in 
providing short term post-operative analgesia for a period of 
approx. 4hrs. Pulmonary function can be improved but showed 
no improvement by six hours post injection. There were no 
differences in post-op narcotic requirement, recovery room 
time, hosptial stay, or time to ambulation in patients treated 
with either IM narcotics or intrapleural bupivacaine. Future 
studies are suggested to determine the optimal regimen for 
administrasion of local anesthetic in the intrapleural space. 


IM CATHETER 
N 9 9 
MEAN AGE (yrs) 45 38 
SEX 2M; 7F 2M; 7F 
PREOP FVC (liters) 3.0_0.8 3.4_1.1 
PREOP 02 SAT (%) 96_1 96_1 
OPERATING ROOM NARC. (mg) 2612 1 16_14 
RECOVERY ROOM NARC. (mg) 96 + 48 
POST-OP DAY 1 NARC. (mg) 311 25_17 
NO. INJ. FOR 24HRS PER PATIENT 3.2_1.3 3.8_1.4 
PERCENT PREOP. FVC 41_0.9 46_23 
02 SAT (%) 93_2 95_4 
VAS ( 2-10 ) 4.8_2.9 * 3.21.6 
RECOVERY ROOM TIME (min) 126_27 139_56 
TOTAL HOSPITAL STAY (days) 4.0_0.9 4.0_0.8 


SIGNIFICANCE: * p<.05 1 p<.01 
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Introduction. Taere is increasing evidence to 
suggest BR adrenergic stimulation promoting the 
entry of potassium (K+) into cell, may have an 
important influeace on potassium hemostasis (1,2). 
Animal studies have shown cardioselective and 
nonselective adrenoreceptor blocking drugs augment 
and prolong release of K+ following 
succinylcholine (SCh) (3,4). This study examined 
the changes in serum K+ following SCh in patients 
receiving beta blocking drugs compared to those 
receiving no adrenoreceptor blocking drugs. 


Method. Twenty-four adult patients scheduled to 
undergo retinal reattachment and/or vitrectomy 
were studied after informed consent. The patients 
were divided into three groups of eight patients 
according to the blocking medications they were 
receiving. Group 1, the control, received no 
beta-blockers. Group 2 received cardioselective 
beta-blockers (atenolol and metoprolol). Group 3 
received nonselective beta-blockers (timolol, 
nadolol and propranolol). Patients _, were 
premedicated with morphine 0.170.2 mg kg and 
scopalamine 0.C02-0.003 mg kg ` i.m. 45 to 60 
minutes prior to induction, of anesthesia. 
Anesthesia was induced in each patient with 
thiopental 4-5 mg kg and maintained with 60% 
nitrous oxide in oxygen and 1% inspired 
isoflurane. Once a steady state of anesthesia was 
achieved SCh 1 mg kg was administered i.v. 
followed one minute later by endotracheal 
intubation. Heart rate (HR) and mean arterial 
blood pressure (MAP) were continuously monitored 
by continuous EKG and automatic oscillometer, 
respectively. The patients were ventilated during 
the induction and maintenance of anesthesia to 
maintain ETCO, (35+5 mm Hg). Normal saline was 
infused in alt patients for maintenance of fluid 
balance. Blood samples were collected from an 
antecubital vein immediately after placement of a 
cannula, after induction of anesthesia but before 
Sch and at 1, 3, 5, 10, 15, 30, 60, 90 and 120 
minttes following SCh. Serum K+ was analyzed by 
direct potentiometry. Change in serum K+ from 
control within each group was analyzed using 
analysis of variance (ANOVA) and Dunnett's test. 
Comparisons among groups was done by ANOVA. 
P<0.05 considered significant. 


Results. The serum K+ prior to and following SCh 
are shown in Figure 1. There was no significant 
difference in serum K+ prior to SCh between the 
groups. Increase in serum K+ was seen at 3 
minutes with the peak at 15 minutes following SCh 
in all groups. There was no significant 
difference in rise and over the time course 
observed in serum Kt among the three groups. The 
percent change in HR and MAP three minutes 
following larnygoscopy was 22.2%, 8.4%, 21.2% and 
5.65, -11.4%, 10.6%, in Groups 1, 2 and 3, 
respectively. The HR increased significantly in 
Group 1 (P=0.035). There was no significant 
difference in MAP. 


Discussion. In this study, the increase in serum 
K+ following SCh may have been attenuated in the 
presence of membrane stabilizers, thiopental and 
inhalation anesthetics (5). Additionally, sampling 
from venous blood may have affected K+ levels 
seen. It is possible that no exaggerated or 
prolonged response to K+ was seen due to decreased 
efflux in these small groups of patients studied. 
Maryniak et al (3) found that there is no short 
term (6 minute) change in time course of serum K+ 
following Sch. Our data confirms their impression 
over a longer (120 minute) time period. Further 
studies where greater efflux in serum K+ following 
SCh may be necessary to evaluate effect of 
adrenoreceptor blockade on potassium hemostasis. 


Figure 1: Serum potassium changes from pre-induction 
levels in Group.1 (no beta-blockers), Group 2 
({cardioselective), Group 3 (nonselective beta- 
blockers). Mean + SEM. 
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Introduction. An accurate high-frequency response 
is mandatory when end-tidal carbon dioxide (ETCO,) 
is monitored during pediatric general anesthesia. 
The possibility that as frequency of ventilation 
increases the accuracy of ETCO values 
decreases has been investigated for different 
configurations of sampling (1,2), but not for 
different CO, analyzers. The aim of this study 
was to compare the accuracy of ETCO 

measurements at increasing frequency of five 
commonly used capnometers available at our 
hospital. 


Methods. Capnometers studied were Datascope 
(Accucap), Hewlett-Packard (47210A Capnometer), 
Narkomed 3 (Capnomed), Puritan~-Bennett (Datex CO. 

Monitor), and a Perkin-Elmer multiplexed mass 
spectrometer (MGA 1100). All machines were 
allowed the warm-up perioé suggested by their 
manufacturers and were then calibrated if 
possible. Some had no external calibration 
adjustment. Sampling forts of the five 
capnometers were all placed next to a common 
sampling point with a continuous outflow of 6 
l/min. Changes in CO, concentration were generated 
by a solenoid valve“ (Humphrey 062E1) driven from 
8 to 101 cycles per minute, switching between 1002 
oxygen (0,) and 0, with 6.94% CO, (Barometric 
pressure “737 mm Hg, CO, 51.4 “mm Hg) (3). 
Frequencies were chosen to Simulate a range that 
might be used for children during general 
endotracheal anesthesia. At every rate the 
displayed value of ETCO, was recorded. Also 
recorded, when availablé, were the displayed 
values for frequency and inspired co, . 


Results. The data from each capnometer studied are 
shown in Table 1. The error is reported as the 
observed value minus the true value (51.4 mm Hg). 
All capnometers under reported ETCO at 
frequencies above 31. The mass spectrometer had 
the most error, presumably because of its long 
sampling catheter length. The Hewlett-Packard had 
the least error, presumably because it has no 
sampling catheter, but has an in-line analysis 
chamber. Those machines that determine 
ventilatory rate (Datascope, Hewlett-Packard and 
Perkin-Elmer) did so with an accuracy of + 1/min 
of the actual rate. The indicated inspired co, 
ranged from 0 to 28 mm Hg. 


Discussion. Iz is possible for the respiratory 
rate of a child under halothane anesthesia to 
exceed 60/min and therefore generate gas- 
concentration changes of twice that frequency (3). 


Our data indicate that capnometers consistently 
underestimate the patient's end tidal 
concentration at high frequency. Therefore, 
display of ETCO, must be used only as an aid in 
adjustment of Minute ventilation to clinically 
acceptable limits, otherwise the anesthesia 
provider might adjust ventilation in the opposite 
direction to that needed for patient safety. The 
genesis cf the errors is thought to be mixing of 
adjacent breaths both during transport down the 
sampling catheters and in the analysis chambers. 


Conclusions. 1. Capnometers using sampling 
catheters do not give accurate values for ETCO., at 
high frequencies. 2. The anesthesia provider must 
be aware of this limitation when using these 
monitoring devices. 


* 
Table 1. Results of ETCO, measurements at 


different frequencies reported by five 
capnometers. 
Frequency ETCO, 
R/min 
Data- H/P Narkomed P-E P/B 
scope 3 
8 +6.6 +1.6 +2.6 -2.4 -1.4 
16 +5.6 +1.6 +1.6 -2.4 -1.4 
31 +3.6 +0.6 +1.6 -3.4 -1.4 
53 -0.4 -0.6 -0.6 -4.4 -2.4 
72 -3.4 -0.6 -1.4 -6.4 -3.4 
84 -5.4 -0.4 -1.4 -8.4 -5.4 
101 -7.4 -1.4 -3.4 -11.4 -7.4 


*® Reported as + observed values from known ETCO 
(51.4 mm Hg). 


N 


Datascope = Datascope (Accucap) 

H/P = Hewlett-Packard (47210A Capnometer) 

Narkomed 3 = Narkomed 3 (Capnomed) 

P-E = Perkin-Elmer Multiplexed Mass 
Spectrometer (MGA 1100) 

P/B = Puritan-Bennett (Datex co, Monitor) 
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Introductior. Somatosensory evoked potentials 


(SSEPs) are a common monitor of neural function 
during cental nervous system surgery. Physiologic 
variables, surgical factors, technical problems and 
anesthetic agents can all affect the amplitude and 
latency of the waveforms obtained. A mrotic based 
anesthetic is often used during monitoring, however, 
an amnestic agent is desirable to prevent awareness. 
This study was designed to measure the alteration 
in the median nerve SSEP with an induction-infusion 
regime utilizing midazolam (0.2 mg/kg induction 
bolus and 5 mg/hr infusion). 


Methods. Ten ASA I and II patients ages 21 to 
64 and having lumbar spinal surgery were included 
in this institutionally approved study. Unpremedi- 
cated patients hed their tluid deficits replaced and 
disc electrodes placed with collodion az Fz, C4' 
(International 10-20 system) and over the second 
cervical vertebra. A bar electrode stimulated the 
left median nerv2 at the wrist at 8.7 Hertz with 
300 microseconds constant current pulses at 2 milli- 
amp above motor threshold. A Nicolet CA 1000® ma- 
chine filtered (5-250 Hertz) and averaged the re- 
sponses (250 per waveform). Duplicate baseline 
recordings were obtained, and midazolam (0.2 mg/kg) 
was given over 230 seconds followed by an infusion 
of midazolam 5 mg per hour. Pancuronium up to 0.12 
mg/kg was given as needed, ventilation was assisted 
to maintain pCO between 35-45 torr, and heart rate, 
blood pressure and SSEPs were recorded at 1 mimite 
intervals for ten minutes post induction. The cer- 
vical response (15 msec), and the cortical Py (17 
msec), Ny (20 msec) and Py (26 msec) were analyzed 
for latency, amplitude (P2 minus Nj) and central 
comduction time (CCT) changes. The Friedman two- 
way analysis of variance was used to compare results 
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Figure 1. Average latency (+ SEM) following 
induction for cervical SC, cortical Py, cortical 
N20 and cortical Py values. 


at 0 through 10 mimites and a signed ranks test was 
used to confirm significant differences. After the 
study period, the patients were given scopolamine 
0.4 mg intravenously and sufentanil titrated to 
their anesthetic needs as the surgical procedure 
was then conducted. 

Results. Figure 1 shows the average absolute 
latency results of the cervical P}, and cortical 
P1, Ny and Pp. Increases in cervical and cortical 
(Nog, P2) latencies were statistically significant 
(p < 0.05), however the absolute latency changes 
were small. The average cortical amplitude, shown 
in Fig. 2, decreased to 50% of baseline. This 
amplitude reduction was statistically significant 
at 5 minutes from baseline. All waveforms were 
easily obtainable throughout the study and heart 
rate and blood pressure were stable. 

Discussion. 
ficant but small changes in the latency values oc- 
curred in addition to a significant reduction in 
cortical amplitude. This decrease in amplitude was 
maximal at 5 mimtes following which it stabilized. 
This rapid qhanee is consistent with the rapid onset 
and action) of this drug. This rapid action and 
stabilization coupled with the minimal changes in 
latency may make it a good induction agent. The 
fact that these patients were all monitored success- 
fully using posterior-tibial nerve SSEP suggests it 
may be an adequate anesthetic techniqve for monitor- 
ing. The decrease in amplitude, however, may make 
it an undesirable drug in patients whose preinduc- 
tion amplitudes are small. 


References: 
1. Reeves JG, Fragen RJ, Vinik R and 3reenblatt DJ: 
Anesthesiology 62:310-324, 1985 


1 
0.5 
0 
0 2.5 5 7.5 10 
Time (min) 
Figure 2. Normalized amplitude (+ SEM) following 
induction. 
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Introduction. For the past ten years we hev2 trol group, although this difference was probably 


studied the reproductive and teratogenic effects of 
the inhaled anesthetics in several rodent models. 
However, until recently, reliable studies with th2 
parenteral anesthetic agents and narcotics have m= 
been possible because of the extensive materml 
toxicity associated with bolus administration >Ē 
even relatively low doses of these drugs. The w2 
of chronically implanted s.c. osmotic minipumps has 
facilitated delivery of high total doses of loca + 
anesthetics and narcotics at a constant rate. 
throughout organogenesis, without causing advers=2 
maternal physiologic effects. In the present study 
we tested the reproductive and teratogenic effec=s 
of sufentanil and alfentanil using this method 32 
drug delivery. 


Methods. Two separate experiments of simila> 
design were performed using a total of 168 timed- 
pregnant rats. In each experiment, on day 5 of prez- 
nancy, an Alzet, model 2ML2, osmotic minipump with < 
15-day drug supply was implanted s.c. on the back of 
each rat under general anesthesia. In the first ez- 
periment, 128 rats were divided into four groups anc 
treated with either: 1) saline (control), (n=39); 2° 
a low dose of sufentanil, 10 ug/ kg/day (n=30); 5° 
an intermediate dose of sufentanil, 50 ug/kg/day (m= 
30); or 4) a high dose of sufentanil, 100 ug/kg/dzy 
(n=29). In the second experiment, 40 rats were dz- 
vided into two groups and treated with either: I} 
saline (contrel), (n=20); or 2) a high dose of al- 
fentanil, 8 mg/kg/day (n=20). Dosages of the nar- 
cotics were based on data from preliminary studies 
in which we determined the highest dose which dic 
not cause maternal weight loss; respiratory depres- 
sion always occurred at a higher dose than weigkt 
loss. On day 20 of pregnancy, rats were killed Ly 
CO% inhalation and cesarean section was performec. 
The uterus was examined and the number and positim 
of live and dead fetuses, resorptions, and implante- 
tions were recorded. The weight and sex of each live 
fetus were determined and all were examined for ex- 
ternal abnormalities. Subsequently, every other 
fetus was examined with a dissecting microscope ei~ 
ther for visceral or skeletal abnormalities. AL 
examinations were done without knowledge of th= 
treatment group. The percentage of abnormal fetus- 
es in each litter of each treatment group was cor- 
puted and group means were compared with control 
group means by one way analysis of variance (ANOVA). 
Student's t test was used as an a posteriori test 
when differences were found with ANOVA. p < 0.05 was 
considered significant. 


Results. No rats treated with sufentanil died 
during the experiment. Four rats treated with al- 
fentanil died in the first four days after pump im 
plantation. Otherwise, no adverse effects were ob- 
served during the experiments. There were no differ- 
ences in weight gain among any of the groups in ei- 
ther experiment. There were no significant differ- 
ences among the groups in pregnancy rate, number o= 
implantations and live fetuses, percent fetal wast- 
age, and mean fetal weight. There were more femal2 
offspring in the alfentanil group than in their con- 


due to a lower than usual percentage of male off- 
spring in the control group. A total of 1174 off- 
spring were examined; there were no significant 
teratologic findings observed in any group. 


Discussion. In the present study, we found 
both sufentanil and alfentanil to be devoid of ad- 
verse reproductive and teratogenic effects. These 
results are similar to those reported with the 
parent compound in this series, fentanyl (1). How- 
ever, our results differ from those of studies of 
the older narcotics, morphine, meperidine and metha- 
done, in which adverse reproductive effects were 
reported with high doses (2-4). In all of these in- 
vestigations, narcotics were given by bolus injec- 
tion. From the doses and maternal side effects re- 
ported in these studies, and from our own studies, 
we surmise that the test animals experienced signi- 
ficant respiratory depression. Thus, it is not ap- 
propriate to compare the results of the present 
study with those of past studies as their design was 
flawed. We conclude that sufentanil and alfentanil 
do not cause adverse reproductive effects in 
Sprague-Dawley rats when administered throughout 
organogenesis with chronically implanted osmotic 
minipumps. These pumps are of great value in repro- 
duction and teratology studies as they: 1) permit 
large doses of drugs to be administered before ma- 
ternal side effects occur; 2) reduce the need for 
other potentially confounding interventions, such as 
repeated handling and injection of pregnant animals; 
and 3) avoid the possibility of causing narcotic 
withdrawal effects between doses. 
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Sufent (ug/kg/day) Alfent 
Summary of Reproductive 0 ==---------..-2-=25 8 (mg/ 
Indices and Fetal Exam. Cont 10 50 100 Cont kg/day) 








No. of rats studied 39 30 30 29 20 20 
No. of pregnant rats 34 25 22 26 18 11 
Pregnancy rate (%) 87 83 73 90 90 69 
Starting dam weight (g) 202 202 203 201 204 207 
Weight at C-section (g) 342 347 332 327 359 345 
No. of implantations/rat 11.9 12.0 12.0 11.5 11.7 11.3 
No. of live fetuses/rat 11.6 11.8 11.4 10.7 11.2 9.8 
Percent resorptions/rat (%) 2.5 1.6 5.1 7.1 3.7) 11.5 
Mean fetal weight (g) 4.5 4.6 4.7 4.7 4.6 4.3 
Percent females/rat ($) 49 53 52 49 44 60 
Externa] examinations; 
No. of fetuses examined 394 296 227 257 202 108 
Any abnornalities (%) 0.0 0.0 0.0 0.0- 0.0 0.0 
Runt (%) 0.2 0.4 0.0 0.3 0.6 3.5 
Visceral examinations: 
No. of fetuses examined 198 143 112 130 100 53 
Major malformations (%) 0.0 0.0 0.0 0.0 0.0 0.0 
Minor anonalies (%) 7.9 2.2 5.0 3.9 5.2 3.1 
Skeletal exeminattfons: 
No. of fetuses examined 196 148 115 127 102 55 
Major malformations (%) 0.0 0.0 0.0 0.0 0.0 0.0 
Minor anomalies (%) 0.0 1.1 0.0 0.0 0.9 0.0 
Develop. variants (%) 25.5 36.0 32.3 30.5 16.8 33.9 
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Introduction. Vecuronium (VEC) has minimal 
cardiovascular effects and causes no histamine (HA) release. 
Several compounds can inhibit histamine 
N-methyl]-transferase (HNMT) in vitro . Inhibition of this 
primary metabolic enzyme could cause potential interaction 
with drugs which liberate HA. We performed kinetic studies 
using VEC and purified HNMT, and examined the plasma 
from patients to determine whether VEC in clinically used 
concentrations could inhibit HNMT. 


Methods. HNMT was prepared according to Bowsher et 
al, (1). All chemicals were of reagent grade. Pure VEC was 
supplied by Organor.. In the kinetic studies, HNMT was 
diluted 1:1000 and the reaction velocity measured at 10° to 
10°3 M VEC, with [HA] 1 to 100 pM and 
S-adenosylmethionine (SAM) 0.5 to 4 uM. In clinical 
studies, 19 elective surgical patients from whom informed 
consent was obtained were anesthetized with 
N O/Halothane/O4 and intubated without relaxants. 
Ventilation was contolled (pCO7= 4043 torr) and end-tidal 
halothane was maintained at 0.7 %. Subjects were randomly 
assigned to receive 0.1 mg/kg (group 1; N=10) or 0.2 
mg/kg (group 2; N=9) VEC. Arterial plasma samples were 
harvested both beforz and 2 minutes after the administration 
of VEC. HA levels were measured in duplicate with 
duplicate internal standards using a sensitive radioenzymatic 
assay. The assays were performed blinded to the original 
design. Data were analyzed by paired and unpaired t-tests. 


Results. Our enzymatic studies indicated that VEC 
inhibits HNMT; apparent K;=1 uM (fig. 1). The inhibition 


obeys the equation: 
1/V = (Ky / Vinay) (14L 1] Kj) 1 /[S]) + 1/ Vmax 


where V is the rate, V. max the highest rate at a concentration 
of VEC, [I] the concentration of VEC, K; the inhibitor 
constant, Kn the Michaelis constant, and [S] the SAM 
concentraion and 


UV = Km’ Ymax? (1+0 K;) (1 /[S]) + 
(L/ Vinay) (1 + / Kj) 


where [S] is the HA concentration. Lineweaver-Burk plots 
demonstrate that inhibition is competitive with respect to 
SAM (Kj=1.4 uM) (fig. 2) and noncompetitive with respect 
to HA (Kj=1.2 uM) (2). 

Although the efficiency of the HNMT enzyme decreased 
from 87.7 + 24.6 cpm/pg HA to 72.7 + 18.2 (p<0.C25) in 
group 1 and decreased from 97.9 + 21.3 to 58.4 + 14.7 (p 
<0.0005) in group 2, patients who received VEC had no 
significant increase in HA levels. There were no statistical 
differences between the samples obtained prior to VEC 
administration but group 1 vs. group 2 post-VEC differed 
significantly (p < 0.05). 


Discussion. While VEC inhibits HNMT, there are few 
reports of significant hypotension with its administration. 
HNMT is the major, but not exclusive, catabclic enzyme for 
HA in humans (3). Our data demonstrate that VEC inhibits 
HNMT in clinically used concentrations. Thus, doses of 
VEC 2 0.1 mg/kg may cause a decrease in the metabolism of 
HA, accentuating or prolonging the hypotensive action of 
concurrently administered HA liberating drugs. 
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Fig. 1. Inhibition of HNMT by VEC. Activity vs. 
log[VEC]. Curves shown are for 1, 10, and 100 uM. 
Solid lines are interpolations of average values. 
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Fig. 2. Inhibition of HNMT by VEC. 1/V vs. 1/ [SAM]. 
Inset: Slope of main plots vs. [VEC]. All curve fits are 
linear regressions. Bars represent SE of the data. 
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Introduction. Cardiac glycosides inhibit 
Nat, Kt-ATPase activity. The resultant 
cytoplasmic accumulation of Nat augments 
Nat-ca2+ exchange and raises intracellular 
Ca2+ which activates the “transient inward" 
current (Ipz).1 The cellular correlate of 
Irr activation is the delayed after 
depolarization (DAD), a membrane potential 
oscillation occurring after repolarization! (see 
figure). DAD's can trigger action potentials and 
initiate sustained dysrhythmias. 

Halothane shifts the dose response curve to th 
right with respect to doses of cardiac glycosides 
producing dysrhythmia and/or death. 

The goal of this study was to determine the 
electrophysiologic mechanism by which halothane 
diminishes digitalis toxicity. 


Methods. Dogs were anesthetized with 
pentobarbital 30 mg.kg~1 I.V.; the heart was 
rapidly removed and placed in cold, oxygenated (95¢ 
02/5% CO2) Krebs Henseleit (K-H) buffer 
containing 121.4 mM NaCl, 4.7 mM KCl, 2.5 mM 
CaClo, 1.2 mM MgSO4, 21.9 mM NaHC03, 1.2 mM 
KH2P0,4, 11.1 mM glucose. Furkinje fibers were 
excised, placed in a tissue bath and’ superfused 
with 37°C K-H buffer. Intracellular action 
potentials were recorded using 3M KCl filled 
microelectrodes. DAD's were induced by 30-40 min 
of superfusion with 2 x 10-7m ouabain,? and the 
amplitude (AMP) and coupling interval (CI) of DAD's 
measured after 19-beat trains of pacing (1 msec 
duration, 2x threshold) at paced cycle lengths (CL) 
from 200-1000 msec. Halothane 0.5%, 1% and 2% was 
added to aerating gas using a calibrated vaporizer, 
and the effects of halothane on DAD AMP and CI 
determined. The effect of increasing extracellular 
Cat on DAD's in the presence of halothane was 
examined by doubling the superfusate Ca 
concentration from 2.5 to 5 mM in the presence or 
absence of 2% halothane and measuring the effects 
on DAD's. One or two way ANOVA and Bonferroni's 
t-test were used to analyze data. A p<0.05 was 
considered significant. 


Results. Ouabain superfusion produced typical 
DAD's with AMP's that increased and CI's that 
decreased as paced CL decreased.3 As expected, 
at paced CL's less than 500 msec, secondary DAD's 
of increased AMP and CI app2ared.2 Ten studies 
confirmed prior results? that the ouabain toxic 
preparations are stable for at least one hour with 
constant values of maximum diastolic potential, DAD 
AMP and DAD CI. 

In 8 preparations, increasing halothane 
concentrations produced dose related decreases in 
DAD AMP (p<.05) without significantly changing DAD 
cI. At a paced CL of 400 msec, for example, DAD 
AMP was decreased by 20% by halothane 0.5%, 22% by 
halothane 1% and 35% by halothane 2%. 

In 8 experiments, doubling extracellular Ca to 
mM during administration of halothane 2% increased. 
JAD AMP towards control values at each paced CL. At. 
a CL of 400 msec, halothane 2% decreased DAD AMP by- 
42% in 2.5 mM Ca but by only 12% in a buffer Ca of 


S5mM. Dcubling buffer Ca in the absence of 

halothane increased DAD AMP by 30%. x 
In several preparations, sustained dysrhythmias 

were triggered by pacing. When halothane was 

administered, the dysrhythmia rapidly terminated 

and could not be reinduced until several minutes 

after halothane administration ceased. 


Discussion. In cardiac tissue, halothane 
reduces the influx of calcium during the cardiac 
action potential’ and alters release of 
intracellular calcium stored in sarcoplasmic 
reticulun.> Both of these sources of calcium are 
considered important in the generation of Irr 
and, therefore, in DAD generation and digitalis 
toxic dysrhythmias.! The results of the present 
study suggest that halothane reduces digitalis 
toxicity primarily by decreasing DAD amplitude. 
Competitive inhibition of calcium entering into the 
cardiomyocyte, suggested by the DAD response to 
increased extracellular Ca2+ in the presence of 
halothane, is a likely mechanism for the effect of 
halothane. 
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Legend. Transmembrane action potential 
recordings from a single ouabain toxic Purkinje 
fiber before (A) and after (B) administration of 
halothane 0.5%. Time and amplitude calibrations 
are shown and the arrow identifies the DAD. 
Halothane reduced the amplitude of the DAD. Paced 
cycle length=500 msec. 
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Introductior.. Pulmonary aspiration of acid 
gastric contents remains a major hazard for 
obstetric patients undergoing general anesthesia 
because in these patients the presence of a high 
gastric content volume or a low gastric pH cannot 
be excluded (1). Routine antacid prophylaxis is 
established practice in obstetric anesthesia. Oral 
cimetidine given one to three hours prior to 
surgery, i.e. not in emergency circumstances, is 
effective in reducing the acidity and the volume of 
gastric contents (2). Sodium citrate given just 
prior to induction in emergency anesthesia is 
effective most of the time in decreasing gastric 
acidity but is associated with a large mean volume 
of aspirate (3). This study was undertaken to assess 
the effectiveness of a new formulation* combining 
800 mg of cimetidine with 1.8 g of sodium citrate, 
in raising the gastric pH of patients undergoing 
elective and emergency Cesarean sections. 


Methods. The study was approved by the local 
Ethical Committe2 and informed consent was obtained 
from all patients. Twenty three ASA Class I or II 
patients undergoing elective (twelve) or emergency 
(eleven) Cesarean section were studied. Elective 
surgery was done because of previous Cesarean 
section, breech presentation or cephalopelvic 
disproportion. Emergency Cesarean sectior: was 
undertaken for such conditions as fetal ¢cistress, 
preeclampsia, dystocia or unsuccessful trial of 
labor. Twelve hcurs prior to surgery no medication 
was given to patients scheduled for elective 
Cesarean section. Patients undergoing emergency 
Cesarean section received various drugs prior to 
surgery such as betamimetics, betablockers, 
hydralazine, clcnidine, dipyramidole, meperidine 
and oxytocine. 

Just prior to ertering the operating room, half of 

a tablet of effervescent cimetidine was given with 
30 ml of water. Anesthesia was induced with 
thiopental 5 mg/Kg and tracheal intubation was 
accomplished with succinylcholine 1.5 mg/Kg. 

A number 16 nascgastric tube was inserted orally to 
the stomach immediately after intubation had been 
completed. All evailable gastric contents were 
aspirated. Anesthesia was continued with vecuronium 
bromide 0.7 mg/Kg and, after the birth of the baby, 
with fentanyl, N20. Proper uterine tone was obtained 
with an oxytocin infusion. Just before extubation, 

a gastric content sample was obtained through a 
fresh nasogastric tube. All pH values were measured 
with a Beckman 71 pH meter. The average time 

between effervescent cimetidine intakeand extubation 
was seventy minutes, with extremes of forty and 
ninety five minutes. 


* Tagamet 800 effervescent - Laboratoires Smith 
Kline & French 





Results. pH values are shown in table l. In all 
patients but one, pH after intubation and prior to 
extubation were always above 3.5. In the one 
remaining patient scheduled for elective Cesarean 
section, gastric pH stayed above 2.5. 


Discussion. This study shows that the 
effervescent formulation combining cimetidine and 
sodium citrate is effective in raising gastric pH 
above the critical level of 2.5 when given just prior 
to obstetric surgery in elective as well as in 
emergency circumstances. Effervescent cimetidine is 
an original combination which has an immediate 
antacid action due to the sodium citrate contained in 
its excipient. The acid neutralizing capacity of one 
tablet is 14.8 m Eq H . The action of sodium citrate 
is then followed by the gastric acid secretion 
inhibitory action of cimetidine. This preliminary 
study shows that the new oral combination, i.e. 
effervescent cimetidine, is useful in preventing 
aspiration pneumonia in elective but especially 
emergency Cesarean section done under general 
anesthesia. 
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INTRODUCTION 


Hypoxic hypoxemia due to mechanical mishaps and misplaced: 
endotracheal tubes is still the most common cause of intraoperative- 
brain damage. The cerebral blood flow (CBF) response to hypoxic: 
hypoxemia may be important in determining the onset and extent of 
the cerebral damage. The influence of anesthetic agents on the 

CBF response to 2rogressive hypoxemia has not been previously 
assessed. The aim of this study was to compare and contrast the 

changes in regional CBF (rCBF) to progressive hypoxic hypoxemia 

during three anesthetic regimens. . 


METHODS 


The protocol was approved by the Institutional Council on Animal 
Care. The CBF response to progressive hypoxic hypoxemia was 
assessed in 16 sats of either sex using the radiolabelled 
microsphere technique. The animals were divided into three 
groups to assess the influence of three different anaesthetic 
regimens; group | - pentobarbital anesthesia (n = 5) group ll- 
isoflurane anesthesia 1% {n = 7) group III - isoflurane anesthesia 2% 
(n = 4). Following the induction of anesthesia with ketamine, all 
animals were intukated and mechanically ventilated and end-tidal 
C02 was maintained between 30 - 35 mmHg. A femoral arterial 
catheter was inserted for direct measurement of blood pressure 
and blood sampling. Through a left thoracotomy, a left atrial catheter 
was inserted for the injection of microspheres. Hypoxic hypoxemia 
was created by the introduction of nitrogen to the inspired gas 
mixture. The inspired oxygen concentration was continuously 
monitored using a polarographic oxygen analyzer. Serial rCBF 
(ml/100 gm/min) was determined by injection of microspheres 
labelled with Ce141, 785, Sc46 or Cr51, CBF was determined at 
four points: Fide of .21, .15, .11 and .09. Blood gases were 
withdrawn for determination of arterial p02 and oxygen saturation at 
3ach point of CBF determination. Sodium bicarbonate was given 
when required to keep pH in the normal range. Throughout the 
2xperiment the temperature was maintained in the normal range by 
ising a thermal blanket. Inspired and: end-tidal isoflurane 
zoncentration was monitored with a Puritan-Bennett anesthetic 
agent monitor. Blood loss during the insertion of the catheters and 
surgery was replac2d with appropriate amounts of Ringer's lactate. 
Representative brzin samples from the parietal areas, thalamus, 
jons and medulla were taken for the determination of radioactive 
zounts and then converted to CBF using a computer program. 
Analysis of the data was performed by plotting percentage change 
n CBF against change in oxygen saturation and the slope 
2omputed using linear regression analysis(1)- Both the rCBF of 
2ach area as well as the flow computed for the combination of all 
areas were evaluated. Analysis of covariance was used for 
2omparison between the three groups. 


RESULTS 


There was wide interanimal variation in the response to progressive 
ypoxemia as well as variation between the regions of the brain.For 
he parietal areas, there was a significant difference between 
dentobarbital and 2% isoflurane anesthesia (p<.05) (Fig). Similar 
indings were observed in other areas sampled. Although the 
esponse appears to be steepest with pentobarbital, statistical 
significance was not reached in the medulla, pons, thalamus or. 
‘ombination of all areas (p<0.1). z 


\bsolute CBF during normoxic conditions was significantly higher in 


the 2% isoflurane group (152440) compared to the pentobarbital 
group. (5048) (p<0.02). However, the absolute flows measured 
during the most hypoxic conditions (Fide -09) were not statistically 
different between the groups. 


DISCUSSION 


We theorize that the reduction in the response to hypoxemia during 
isoflurane anesthesia is due to the fact that isoflurane is a potent 
cerebrovasodilator, resulting in a higher basal blood flow during 
normoxic conditions, and therefore effecting a smaller increase in 
flow with the onset of hypoxemia. Although isoflurane anesthesia 
appears to impair the rCBF response to progressive hypoxemia, the 
maximum absolute CBF was not affected by the anesthetic regimen. 


CONCLUSION 


Based on our study, we conclude that anesthetic agents may 
profoundly influence the rate of CBF increase in response to 
hypoxic hypoxemia. Two percent isoflurane anesthesia produced 
near maximal vasodilatation during normoxia with very little further 
increase during the development of hypoxemia. However, as the 
absolute maximum blood flow during hypoxemia were not different 
between the three groups, we concluded there was no significant 
difference in this defence mechanism against hypoxemia among 
the three anesthetic regimens studied. 
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Introduction. Emergence from general anesthesia 
is frequently complicated by hypertension and 
tachycardia, particularly in the setting of a 
neurosurgical or neurovascular procedure. . Although 
usually short-lived, this hyperdynamic state can be 
severe enough to warrant therapeutic intervention 
(1). Esmolol hycrochioride (Brevibloc®) is an 
ultra short-actirg (t#=9 min) cardioselective beta- 
adrenergic blocking agent which would seem par- 
ticularly well-suited for this situation (2,3). 
This double blind, randomized, prospective placebo- 
controlled study was performed to determine the 
effectiveness of esmolol vs placebo in treating 
hypertension in patients emerging from anesthesia 
following neurosurgical and/or neurovascular 
surgery. ` 

Methods. After Institutional approval and 
informed consent. forty patients who exhibited an 
increase in systolic blood pressure > 20% above 
preoperative levels on emergence from neurosurgical 
anesthesia were randomized to receive either esmo- 
Jol (N=21) or placebo (N=19) by continuous infusion 
via a dedicated intravenous route. Anesthesia was 
induced with sodium pentothal and following endo- 
tracheal intubation, was maintained with N20/02, 
isoflurane, and 7entanyl. End-tidal gases were 
measured via mass spectrometry. Continuous V5 ECG 
and direct arterial pressure tracings were 
recorded. As dictated by the duration of the 
surgical procedu-e, isoflurane was discontinued in 
a timely fashion and the patients were observed for 
a systolic blood pressure > 20% of their preopera- 
tive level. 

Once this criteria was met, baseline values for 
heart rate and blood pressure were obtained at one 
minute before and just prior to beginning of the 
infusion. Esmolo1 or placebo was then administered 
as a continuous infusion to provide a loading dose 
of 40 mg/min for 4 min, followed by a maintenance 
dose of 24 mg/min. The maintenance infusion was 
continued until 10 minutes post extubation. Heart 
rate, systolic blood pressure (SBP), diastolic 
blood pressure (DBP), mean arterial pressure (MAP) 
and end-tidal isoflurane levels were recorded at 5 
minuze intervals during the infusion period and 
then 5, 15, and 30 min post infusion. If within 10 
minutes, the infusion of esmolol or placebo was 
unsuccessful in controlling the blood pressure (SBP 
> 50% avg ward pressure or > 180 mmHg) additional 
antihypertensive medications were added (labetolol 
or hydralazine). Efficacy was defined as a 
decrease in SBP to within 20% above the patients 
average ward pressure (AWP). The need for addi- 
tional antihypertensive agents, to control blood 
pressure was also used to assess efficacy between 
the two groups. AII data was entered into a 
Digital Equipment Corporation VAX 11/780 computer 
using the Viking Data Entry System. All statisti- 
cal analyses were performed using SAS version 5.03 
(p < 0.05 being significant). Fisher's exact test 
was used to test the overall usage of additional 
antihypertensive agents and for efficacy of treat- 
ment between the two groups. 

Results. Within 3 minutes of starting the 
esmolol and thrcughout the infusion period, SBP was 


significantly lower than that of the placebo group 
which continued to climb until additional antihy- 
pertensive medications were added. During the 
infusion period, 20/21 (95%) of the esmolol treated 
patients had SBP return to within 20% of AWP, 18/21 
(86%) were within 15% AWP, 16/21 (76%) were within 
10% AWP, 14/21 (67%) within 5% AWP, and 10/21 (48%) 
returned to AWP. 

The esmolol group had significantly fewer 
patients (1/21, 5%) than the placebo group (14/19, 
74%) who required intervention with additional 
antihypertensive agents to control SEP. A signifi- 
cant decrease in HR was also noted in the esmolol 
treated group. Two patients required discon- 
tinuation of esmolol due to mild to moderate hypo- 
tension and one dose was modified because of a 
nodal rhythm. 

Discussion. Hemodynamic control is an integral 
part of the postoperative management of the neuro- 
surgical patient. This study demonstrates that 
esmolol can be used effectively to control hyper- 
tension which develops upon emergence from general 
anesthesia in the neurosurgical patient. 
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Introduction: A simple measure of total EEG power 
has been shown to be a useful indicator of cerebral 
electrical activity and EEG power monitoring during 
controlled hypotension has been recommended. 
Implementation of that recommendation will depend 
upon availability of an economical, easily 
interpretable monitor which will reliably warn that 
cerebral ischemic damage is imminent. Some workers 
have challenged the clinical value of this 
recommendation because it is unclear what a moderate 
decline in EEG power actually means. This study 
compared changes in the power levels of the PSA-1+ 
monitor (Neurologics, Inc.) with raw EEG, short 
latency somatosensory evcked response (SER) and 
brain stem auditory evoked response (BAER) utilizing 
a Pathfinder II (Nicolet). 

Method: 12 mature and corditioned Rhesus monkeys 
were divided into an ischemic (I) group anda 
hypotensive (H) group. All animals were 
anesthetized with ketamine hydrochloride 10 
mg/kg/1M, removed from their cages and arterial 
(peripheral and left ventricle) and venous (7 French 
Swan-Ganz) lines inserted. Anesthesia ‘ was 
maintained with pancuronium bromide 0.05 mgm/kg/hr , 
50% N20 in 02, and halothane 0.5-0.6%. | Normocarbia 
was maintained utilizing a Harvard animal pump and 
the animals were prone with the head elevated in a 
stereotactic frame. ICP monitoring was by cisternal 
puncture. Processed and raw EEG monitoring was two 
channel utilizing electrodes positioned at F3, F4, 
P3, P4 and Fy (int. 10-20 system). SER involved 
median nerve stimulation (200 usec, 20 mA, 128 
repetition at 5.7 Hz) and a montage of Fz (ground) 
to C2 and Fg to contralateral central. BAER 
utilized a stimulus of 95 decibel alternating 
rarefaction and condensation 200 usec click at 11.1 
Hz, 256 repetitions and masking of the contralateral 
ear with white noise. The montage was Cz to 
ipsilateral A with Fz as ground. Data was recorded 
on a Grass 7D or the printer of the Pathfinder and 
PSA. Cerebral blood flow (CBF) measurements was 
with a total of 2,000,000 radioactive microspheres 
divided into 4 different and non-overlapping energy 
spectra injected through the (L) ventricle line and 
the catheter was flushed with 10x its volume of 
saline after each injection. In group H reference 
values including CBF were recorded (Ref) and the 
mean arterial pressure (MAP) was lowered by infusing 
esmolol 100 ugm/kg/min, withdrawing 10 cc/kg of 
olood and placing the operating table in increasing 
ceverse Trendelenburg until the PSA-1 showed a 30% 
irop in the power spectrum (8 units to 5-6 units). 
At this point (PSA) all variables including CBF were 
neasured, the MAP held constant for 1 hour by 
altering the tilt and observations repeated (PSA-1 
ar). Restoration of the blood pressure was achieved 
xy discontinuing the esmolol, removing the tilt and 
ceturning the blood. Observations were repeated 
(Reperfusion) In group I the same sequence was 
followed but nitroglycerine and, if required, 
iitroprusside was added and MAP lowered until the 
3AER was lost at which cime all vasoactive drugs 
vere discontinued and MAP restored as above. 
Mbservations were taken when the PSA declined 30% 
(PSA) the raw EEG began to noticeably decrease in 
implitude (EEG-d), the raw EEG was lost (EEG-a) the 


SER was lost (SER-a) and the BAER was lost (BAER- a). 
All tests of significance are paired to tests with 
correction for repeated measures where appropriate. 

Results: Mean body temp in group I was 37.0C and in 
group H 37.6. Decline in temperature during the 
experiment was 1.4° in each group. Duration of the 
experiment from PSA to Reperfusion was 87 minutes in 
group I and 86 in group H. Group I animals 
evidenced neuronal damage with CSF K+ rising from 
2.2 to 4.2 meq, (p=0.03) vs a change of 0.1 mEq in 
group H (p=.690). The PSA readings during group I 
reperfusion were 9% of reference levels vs 95% in 
group H and neither the SER or BAER returned to 
normal in the I group. It is evident from the CBF 
and cerebral 09 transport (D:02) figures for 
reperfusion of group I that post-ischemic cerebral 
hypoperfusion is present vs cerebral vasodilatation 
in group H (p<0.02), and vs reference levels in 
group I (p<0.02) (see tables). 

Conclusion: A 30% reduction in PSA power level is 
equivalent to a 51% reduction in CBF and a 46% 
reduction in cerebral D-02. Holding the blood 
pressure at PSA level for one hour resulted in 
cerebral vasodilation. Ignoring the PSA and raw EEG 
and taking the blood pressure down to loss of BAER 
resulted in apparent cerebral ischemic damage. 
Based upon known values of CMRO2 it is likely that 
neuronal ischemic damage occurred at a D-09 
represented by the SER-a or below. It would appear 
that limiting falls in CPP and D-O? to that 
represented by a 30% reduction in measured global 
power of the processed EEG provides an adequate 
“safety cushion" over one hour to avoid ischemic 
damage but that taking these values down to the 
point of increased latency and loss of amplitude of 
the SER or complete loss of the SER (the two 
occurred almost simultaneously regarding changes in 
CPP) places the brain at the very threshold of 
ischemic damage. 
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INTRODUCTION: BW A938U is a new non- 
depolarizing muscle relaxant with a long duration 
of action anc minimal cardiovascular side 
etfects.‘ At its E.D.95 it has a relatively slow 
onset of action (12 minutes) and a duration of 84 
minutes when comoined with nitrous oxide-narcotic 
anesthetic.’ This study was designed to assess 
the onset time, intubating conditions, duration, 
and reversal requirements following doses several 
times the £.0.95 of BW A938U when used with 
isoflurane anesthesia. 

METHODS: Twenty-seven ASA I or II patients, 
free of hepatic or renal disease, gave written 
informed consent. The patients received 10 mg of 
diazepam one hoit prior to surgery. Induction of 
anesthesia consisted of 1 - 2 ug/kg of fentanyl 
and thiopental 4 - 7 mg/kg. Once an airway was 
esablished a Puritan Bennett Myograph 2000 EMG 
Monitor was calibrated and a stable baseline 
obtained. Patients were divided into three groups 
of 9 patients each. Group A and B received 0.05 
mg/kg of BW A93EU. Intubation for Group A was at 
4 minutes and Group B at 3 minutes following BW 
A938U administration. Group C received 0.08 mg/kg 
of BW A938U and intubation was attempted at 3 
minuzes following drug administration. Anesthesia 
was maintained with 70% N20 in oxygen, 0.7% end- 
tidal isoflurane and fentanyl. When the first 
twitch of a train of four had returned to 25 - 50% 
of the original twitch height (T)) a second dose 
of 10% of the original dose (ie 0.005 mg/kg or 
0.003 mg/kg) was administered and repeated each 
time T} returned to the same level of recovery. 
At the end of surgery neuromuscular blockade was 
reversed with neostigmine 45 ug/kg or 60 g/kg, or 
edroshonium 1000 g/kg in a randomized fashion. 
Results are civen as the mean + standard 
deviation. 

RESULTS: Intubating conditions are presented 
in table 1. The time to maximum block was 8.1 + 
3.3 min. following 0.05 mg/kg and 5.2 + 1.4 min. 
following 0.08 mg/kg. The time for T} to return 
to 5% (n=15) and 25% (n=15) of the original twitch 
height following 0.05 mg/kg was 65.2 + 38.8 minu- 
tes and 99.1 + 23.3 minutes respectively. This 
was increased tc 143.8 + 11.7 min. for 5% recovery 
(n=6) and 209.5 + 13.7 for 25% recovery (n=5) 
following 0.08 mg/kg. Recovery of T} from 50 - 
90% following (a) 45 ug/kg neostigmine (n=5) was 


7.9 + 5.5 minutes, (b) 60 ug/kg neostigmine (n=7). 


was 4.9 + 3.7 minutes, (c) edrophonium 1000 g/kg 
(n=7) was 7.2 + 6.0 minutes (n=5). Three of nine 
patients receiving 45 ug/kg of neostigmine and one 
of nine patients receiving edrophonium required a 
seccnd dose of neostigmine (22 pg/kg) for adequate 
antagonism of neuromuscular blockade. One patient 
who was still 100% blocked (by EMG but with a 
mechanical twitsh present) at the end of surgery 
required a second dose of neostigmine follwing an 
quate antagonism of neuromuscular blockade. Once 
adequate neuromuscular function had been obtained, 


no patient subsequently had difficulty executing 
head lift and grip strength tests one hour after 
the end of the procedure. 

DISCUSSION: Increasing the dose of BW A938U 
above its E.D.95, results in a more rapid onset of 
neuromuscular blockade. Intubating conditions 
following 0.05 mg/kg were adequate at 4 minutes, 
but at 3 minutes, intubating conditions were con- 
sistently inadequate. Following 0.08 mg/kg intuba- 
tion was acceptable at 3 minutes. 

When combined with isoflurane for anesthesia, 
0.012 mg/kg of BY A938U has a duration (time to 25% 
recovery) of 32 minutes*. In our study, also using 
isoflurane for anesthesia, increasing the dose of 
BW A938U to 0.05 mg/kg resulted in increasing the 
duration to 99.1 minutes, and 210 minutes following 
0.08 mg/kg. In several patients having longer 
surgical procedures, numerous supplemental doses of 
BW A938U were required. There was no evidence of 
accumulation with repeated doses in any of these 
patients. When neuromuscular blockade is attempted 
at 75% or greater depression of original twitch 
height, relatively large doses of reversal agent 
(60 ug/kg neostigmine or 1000 yg/kg edrophonium) 
may be needed for prompt return of adequate neuro- 
muscular function. The combination of hemodynamic 
stability, prolonged action, and no cumulative 
effect provides advantages not evident in presently 
Preis non-depolarizing neuromuscular blocking 

rugs. 


Table I 
Intubation Conditions Following BW A938U 





Grade 1 = passage of tube without coughing. Vocal 
cords relaxed. 2 = passage of tube with slight 
coughing and or bucking. Vocal cords relaxed. 3 = 
passage of tube with moderate coughing and or 
bucking. Vocal cords moderately adducted. 4 = 
intubation not possible. Vocal cords tightly 


adducted. 
Group A = 0.05 mg/kg, intubation at 4 minutes. 
Group B = 0.05 mg/kg, intubation at 3 minutes. 
Group C = 0.08 mg/kg, intubation at 3 minutes. 
REFERENCES: 
1) Basta SJ, et al: Anesthesiology 65:A281, 
1986. 
2) Murray DJ, et al: Anesth Analg 66:5126, 
1987. 
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Introduction. Interest in rapid awakening an] and 82 + 4 respectively. (p > 0.05) At intubation 


orientation aiter anesthesia has paralleled the mo~e- 
ment toward increased safety and the growth of day 
care surgery. Propofol, a new intravenous central 
nervous system depressant related to phenol, has a 

55 min elimination half life, has proven to be a 
useful induction agent (1) and is beginning to be 
used on an experimental basis as a maintenance agect 
during infusion in conjunction with N20-02, fentan-= 
or other narcotic and muscle relaxants (2). PropozcI 
however, has a depressant effect on blood pressure 
and respiration. The purpose of this investigatior 
was to compare propofol (PROP-PROP) induction and 
maintenance of anesthesia with thiopental-isoflurare 
(THIO-ISO) both intra- and postoperatively from boat 
a vital signs and adverse effects standpoint and fœ 
evaluation of speed and quality of recovery. 


Methods, After approval of the Human Subjects 
Investigation Committee and obtaining informed 
consent from 30 ASA I & II patients scheduled for 
various types of surgery estimated to last 1-3 hours, 
15 patients received PROP—PROP (group A) and 15 
received THIO-ISO (group B) on a random basis. AlL 
were premedicated with morphine (0.1 mg/kg) and, om 
arrival in the operating theater, received 
D-tubocurarine (0.05 mg/kg), glycopyrrolate (0.2 mgs 
and fentanyl (1.5 mceg/kg). They then received PROF 
(2.5 mg/kg) or THIO (5 mg/kg) for induction and when 
the lid reflex disappeared, succinylcholine (1.5 mg” 
kg) and intubated. Every patient received N20-09 
(3L/2L) and featanyl (up to 1.5 meg/kg) if the puls= 
or blood pressure increased 10%. However, A patien=s 
received only a PROP infusion from 0.10-0.20 mg/kg/ 
min administered via a syringe infusion pump. The i 
patients received only isoflurane ranging from 0.05- 
2.5%. All patients received vecuronium (0.02-0.08 
mg/kg) as needed. Adverse reactions were noted plu. 
vital signs including systolic, diastolic and mean 
blood pressure (SBP, DBP and MP) with an Acutorr, 
Datascope, heart rate (HR), EKG monitored for 
arrhythmias and ischemia and PET CO2 (SARA, Allied 
Instrumentation Lab); these were obtained at regulaz 
intervals ranging from 1 min up to 20 min through 
the course of surgery. At the end of surgery all 
gatients had their muscle relaxation reversed and 
vere extubated. The times to open eyes, respond to 
verbal command and to orientation (including name, 
Lace and date of birth) were noted. A trained 
wrse observer blind to the anesthesia given stayed 
vith the patient in the recovery room and noted all 
rital signs and the ability to recover in addition 
:o Aldrete scores. Any adverse reactions such as 
mesis were noted. Quality of recovery was judged 
xy the nurse observer. 


Results. Ages, weights, heights and anesthesiec 
luration (average 105 min) were similar in groups A 
md B. Average induction dose for A was 2.5 ng/kg 
ind B, 4.9 mg/kg; maintenance for’A was 1020 mg by 
nfusion. Average MAC hours of isoflurane was 0.77. 
werage SBP was 136 + 6 and 135 + 7 during the first 
' min and 11] + 4 and 108 + 5 during the next 25 mir 
‘or A & B respectively. HR's during the same time 
mtervals for A & B were 81 + 3 & 93 + 5 and 74 + 3 


BLOOD PRESSURE (mmhg) OR HEART RATE IN (BEATS/MIN) 


(see Fig 1) a lower SBP, DBP and HR occurred with 
Propofol. (p < 0.05) Adverse reactions including 
pain on injection and muscle movements were similar 
in A & E but there was a 7% and 27% incidence of 
nausea and vomiting in A & B respectively. Wakeup 
times were similar including times to open eyes, 
respond to command and become oriented. Differences 
however, included the average times in minutes to 
sit independently and to achieve an Aldrete score of 
10; these were 103 & 139 and 30 & 37 with A & B 
respectively. (p < 0.05) 


Discussion. This study in ASA 1 & 2 patients 
corroborates its similarity to thiopental for induc- 
tion concerning efficacy, safety, adverse reactions 
and vital signs. There are some differences concern- 
ing maintenance although comparison of propofol to 
isoflurane, a potent inhalation anesthetic in surgery 
between 1-3 hours, reveal data yielding few differ- 
ences. 3P, HR, incidence of arrhythmias, wakeup and 
orientation times were similar. There were two 
primary differences: 1) lower HR's and BP's with 
propofol after intubation, 2) faster times to sit up 
and achieve Aldrete scores of 10 plus less nausea 
and vomiting. We conclude that propofol induction 
and infusion provides an effective and safe alter- 
native to thiopental induction and isoflurane 
anesthesia, more hemodynamic stability after intu- 
bation and a faster, more pleasant recovery. 


References. 
l. Doze VA, Westphal LM, White PF: Comparison of 
Propofol with Methohexital for Outpatient Anesthesia. 
Anesth Analg 1986; 65:1189-95. 
2. Coates DP, Monk CR, Prys-Roberts CP, Turtle M: 
Hemodynamic Effects of Infusions of the Emulsion 
Formulation of Propofol During Nitrous Oxide 
Anesthesia in Humans. Anesth Analg 1987; 66:64-70. 
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Introduction: Esmolol (E) is a unique cardio- 
selective beta blocking agent with a 10 min elimina- 
tion half life (1) which is easily managed by intra- 
venous infusion. During anesthesia it has only been 
used prophylactically in anticipation of tachycardia 
and hypertension. The purpose of this investigation 
was to study esnolol intraoperatively for treatment 
purposes only and to use it with a loading (bolus) 
dose which would be followed by intravenous infusion 
using a gravity drip technique. 


Methods: This study of 60 patients was 
approved by the Human Investigations Subcommittee 
and all patients gave written informed consent. 
There were two phases. In phase I, 30 patients were 
chosen as potential candidates who would develop 
intraoperative tachycardia/hypertension during 
isoflurane anesthesia in an open label dose ranging 
study. -There were three groups: a) 7 patients had 
a 0.5 mg/kg bolus followed by a 150 mcg/kg/min 
infusion using a pediatric infusion drip of 60 drops/ 
cc, b) 13 patients had a 1 mg/kg bolus followed by 
a 150 mg/kg/mir infusion and c) 10 patients had a 
1 mg/kg bolus followed by a 300 mg/kg/min infusion. 
The second phase was a double blind, randomized 
investigation cf 30 patients half of whom had an 80 
mg bolus (corresponding to 1 mg/kg in an average 
patient) followed by a 12 mg/min infusion (corres- 
ponding to a 150 mg/kg/min dose). The treatment 
goal was a 15% reduction in 5 min; if unsuccessful, 
a 40 mg bolus was given followed by a 24 mg/min 
infusion. Statistical significance was at the 
p < 0.05 level. 


Results: In phase I, all three dosage groups 
exhibited significant reductions in heart rate (HR) 
and systolic blood pressure (SBP). Significant 
reductions in HR occurred within 1 min in groups 2 
(105 + 8 to 92 + 4) and 3 (108 + 8 to 91 + 4) and 
within 2 min in group 1 (100 + 2 to 89 + 4). 
Significant reductions in SBP occurred in all three 
groups within 2 min. The reductions in HR and SBP 
were not sustained in group 1. In phase II, a bolus 


plus infusion dose of esmolol was used which was the 
amount resembling that used in group 2; 45 sec after 
bolus-infusion, a greater lowering of mean HR 

(p < 0.05) with esmolol (108 + 7 to 99 + 6) than 
with placebo (105 + 5 to 106 + 4) occurred. HR with 
esmolol continued lower for each 15 sec during the 
entire 5 min period while with the placebo there was 
no decrease (p < 0.05). The SBP decreases were less 
dramatic for both esmolol and placebo groups. The 
rate-pressure product was reduced in the esmolol 
treated patients during the first three minutes of 
the infusion when compared to placebo (p < 0.05). 
Seven placebo treated patients required additional 
boluses in comparison to only one esmolol treated 
patient (p < 0.05). 


Discussion: In the past esmolol has been 
shown to be effective and safe for the prophylactic 
use of tachycardia and hypertension during anes- 
thesia (2). It was therefore used in anticipation 
but not for therapy. This study proves that esmolol 
may be safely administered for treatment purposes by 
an 80 mg bolus followed by an infusion of 12 mg/min. 
Therefore, it may be used therapeutically during 
anesthesia. This has important implications since 
a tachycardia may develop which may lead to ischemia 
in very poor risk patients. To prepare and admini- 
ster an infusion with the use of an infusion pump 
might lead to delays in treating effectively. 
Rapidity of action will result from the syringe 
injection described and maintenance by way of 
infusion. We conclude that a bolus of esmolol 
combined with the infusion by gravity drip is 
efficacious, safe and convenient. 


References: 
I. Sum CY, Yacobi A, Kartzinel R, Stampfli H, 
Davis CS, Lai CM: Kinetics of Esmolol, An 
Ultrashort~Acting Beta Blocker, and of Its Major 
Metabolite. Clin Pharmacol Ther 1983; 34:427-34. 
2. Cucchiara RF, Benefiel DJ, Matteo RS, DeWood M, 
Albin MS: Evaluation of Esmolol in Controlling 
Increases in Heart Rate and Blood Pressure During 
Endotracheal Intubation in Patients Undergoing 
Carotid Endarterectomy. Anesthesiology 1986; 
65:528-31. 


ever patients served as their own controls and no 
mention is made of the anesthetic induction tech- 
nique. We therefore compared two methods of preoxy- 
genation (3 minutes of tidal breathing vs. 4 VC 
breaths) in the morbidly obese patient undergoing 
rapid sequence induction and intubation. 


Methods: 14 morbidly obese patients (100 lbs > 
ideal body weight) scheduled for gastric bypass 
surgery gave their informed consent to this institu- 
tional review board approved protocol. All pa- 
tients received no premedication, had a peripheral 
IV and 20 gauge radial artery catheter placed under 
local anesthesia prior to induction of anesthesia. 
O2 was administered via a close fitting face mask 
and a circle anesthesia system with a flow of at 
least 4 liters/min. The patients were randomly 
assigned to one of two groups. One group breathed 
normally for 3 minutes while the other group took 4 
maximally deep inspirations within 30 seconds. 
Preoxygenation was followed immediately by induc- 
tion with thiopental 4 mg/kg IV and succinylcholine 
1 mg/kg IV to facilitate endotracheal intubation. 
Arterial blood gases were obtained in both groups 
at three times: 1) baseline while breathing room 
air 2) immediately after preoxygenation 3) immedi- 
ately after intubation but prior to ventilation. 
The samples were analyzed immediately on a Radi- 
ometer blood gas analyzer and the results were 
analyzed for statistical difference utilizing multi- 
ple analysis of variance and Duncan's multiple 
Tange test. A > value < 0.05 was accepted as 
statistically significant. 


Results: There was no difference between the groups 
in age, weight or height, noz was there any differ- 
ence in baseline blood gas values. Both methods of 
preoxygenation resulted in similar increases in 

PaO) (Table I). The 4 VC breath group had a signif- 
icantly higher pH and lower PaC09 following preoxy- 
genation (Table I). After induction and intuba- 
tion, PaOg and pH fell in both groups while PaC09 
rose (Table II). 
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Introduction: The morbidly obese patient is at 
increased risk for aspiration of gastric contents Table I 
due to increased gastric acidity volume and intra- Mean ABG Values After Preoxygenation 
gastric pressure (1). Rapid sequence induction pH Pa09 Paco? ZSat 
with cricoid pressure is one technique often 4 VC breaths 7.43 423.7 33.4 99.8 
utilized in this population to prevent this compli- 3' of 02 7.38 397.5 41.4 99.4 
cation. Either 3-5 minutes of tidal breathing or 4 P < 0.05 NS < 0.05 NS 
vital capacity (VC) breaths of 100% 09 provides 
adequate preoxygenation in non-obese patients and Table II 
is recommended to avoid hypoxemia before rapid se- Mean ABG Values Just After Intubation 
quence induction (2). Morbidly obese patients, pH PaO9 PaC09 %Sat 
with altered lung volumes and diminished compli- 4 VC breeths 7.37 314.00 42.4 99.65 
ance, may respond differently to preoxygenation (3). 3' of 02 7.32 318.35 51.1 99.27 
An earlier study addressed this question (4), how- P NS NS < 0.05 < 0.05 


Discussion:The morbidly obese patient is at in- 


creased risk for aspiration of gastric contents (1) 
and therefore might be subject to rapid sequence 
induction and intubation. Morbidly obese patients 
because of decreased functional residual capacity 
an expiratory reserve volume and elevated closing 
capacity are at increased risk for developing hypox- 
emia from V/Q mismatch and shunt (3). Preoxygena- 
tion for three minutes or with 4 VC breaths, effec- 
tively provides adequate arterial oxygenation 
throughout rapid sequence induction in these pa- 
tients. Similar results have been reported for non 
obese patients and the parturient (2,5). Unlike 
these other groups of patients, unmedicated obese 
patients appear to significantly hypoventilate when 
breathing 100% 02 via a close fitting mask. PaC09 
climbed above 50 mmHg within only 3 minutes after 
induction and intubation. Therefore, a significant 
respiratory acidosis had developed (pH < 7.32). 
Therefore in this group of patients studied, there 
is the potential of a blunted response to hyper- 
carbia. Ventilation may be even further depressed 
following narcotic premedication. In contrast the 
4 VC breath method encourages hyperventilation and 
helps maintain normal PaC09. 
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Introduction. Mivacurium Chloride (MIV) is a new 
short acting nondepolarizing neuromuscular block- 
ing agent with a relatively fast onset and a short 
duration of action (1,2). There are mary clinical 
situations in which the use of succinylcholine 
(SDC) for intubation (INT) may not be desirable 
and a short acting nondepolarizing muscle relaxant 
such as MIV might be useful. The purpose of this 
study was to compare endotracheal intubeting condi- 
tions, the time of onset of block and spontaneous 
or induced recovery from maximum twitch suppres= 
sion following the administration of intubating 
doses of MIV or SDC in an outpatient population. 

Methods. 17 ASA Class I>II patients age 22753 
years were studied after obtaining informed con- 
sent and institutional review board approval. All 
patients were scheduled for elective outpatient 
procedures not expected to be of greater than 1 
hour duration and requiring endotracheal INT. 
Anesthesia was induced in each patient with thio- 
pental (4-6 mg/kg), fentanyl (1.0-1.5 ug/kg) and 
maintained witk 70% N20 and 02. Immediately after 
induction the ulnar nerve was stimulated with 
supramaximal trainsofsfour square wave impulses 
(0.2 msec duration) of 2HZ every 12 sec via 25 
gauge subcutaneous electrodes placed at the wrist. 
The response was quantitated with a Grass FT10 
force transducer and recorded on a Gould polygraph. 
After establishment of a steady-state baseline 
trein of four, 0.25 mg/kg of MIV or 1 mg/kg of 
SDC (assigned on a random basis) was administered 
over 10 seconds through a rapidly running IV. 
Ventilation was controlled, to maintain a normal 
enc tidal C02, via mask until INT was accomplished. 
In the MIV group an investigator blind to thé 
neuromuscular blocking agent administered attempt- 
ed INT 2 min after drug administration. In the 
SDC group INT was attempted by the same investi- 
gator 1 min after drug administration. In both 
cases $ twitch suppression at INT attempt and intu- 
bating conditions were recorded and compared. The 
conditions were rated on a scale of 1-4 with 1 as 
excellent and 4 as not possible. When the ampli- 
tude of T; as compared to baseline recovered to 
5%, a continuous infusion of MIV or SDC was start- 
ed and continued until the end of surgery. The 
initial infusion rate was 10 ug/kg/min for MIV and 
60 ug/kg/min for SDC and were adjusted in an 
attempt to maintain twitch suppressicn at 95 + 4% 
of baseline Ty. At the termination of the infu- 
sion, three of the patients in the MIV Group were 
allowed to recover spontaneously and the other 6 
received neostigmine 0.045 mg/kg and atropine 
0.022 mg/kg. Stimulation was discontinued when Ty 
reached at least 90% of baseline. Time to 90 % 
block, max block, start of recovery, 5% recovery 
as well as % recovery at termination of last infu- 
sion and time to 75% and 90% recovery after termir- 
ation of infusion were noted. In the 6 patients 
who received reversal the % recovery prior to 
reversal and time to 90% recovery after the admin# 
istration of reversal were noted. The results 
were analyzed utilizing one-way Analysis cf 


Variance and Wilcoxin two-sample test. A p value 
of < 0.05 was considered statistically significant. 
Data is presented as mean (+ SD). 

Results. There was no significant difference be- 
tween the groups for age and weight. INT condi- 
tions were not significantly different between the 
2 groups at the time of INT nor was % suppression 
of T4 at INT attempt (Table 1). The time from 
injection to 90% suppression and maximum suppres 
sion was shorter for SDC than MIV (Table II). 

The mean time to start of recovery and 5% recov-~ 
ery was almost 2 times as long with MIV but still 
less than 14 min and 15 min, respectively 
(Table II).° There was no significant difference 
in the % recovery at termination of infusion be- 
tween the two groups. While the time from the 
termination of infusion to 75% spontaneous recov- 
ery of baseline Ty was longer in MIV group [9.6 
(2.8)min vs 5.8 (2.5)min], this difference did not 
reach statistical significance, most likely this 
is due to the small sample size in the MIV group 
(n=3). However, the time to 90% recovery of Ty 
from the termination of infusion was significantly 
longer in the MIV group [13.2(1.7)min vs 6.6 
(3.1)minJ. In those patients (n=6) reversed, the 
mean recovery was 15.2%. In a mean of 6. 9 min 
they achieved 90% recovery. All patients’ were 
extubated without difficulty. 


Discussion. This study demonstrates that MIV admin- 


istered in a dose of 0.25 mg/kg allows easy endo- 
tracheal INT 2 min after administration with condi- 
tions as good as those provided by SDC (1.0 mg/kg) 
1 min after administration. Although the’ time to 
90% spontaneous recovery was significantly longer 
for MIV than SDC it was still short for a nondepo- 
larizing muscle relaxant [13.2 (1.7)min]. Further- 
more, reversal from a significant level‘of block- 
ade (< 20% recovery) was very rapid only requiring 
a mean of 7.0 min to reach 90% recovery. It there- 
fore appears that MIV might be a useful alterna- 
tive to SDC particularly in those situations where 
a depolarizing muscle relaxant may be contraindi- 
cated. 


Table 1. Intubation Data 


INT Score $ suppression at INT 
MIV(N=9) 1.2 (0.4) 90.6 (16.3) 
SOC (N=8) 1.1 (0-4) 83.2 (30.2) 


Table II. NM Parameters following bolus administration 


Time (min) to: SOC (N8) MIV (N=9) 
90% Block 0.8(0.3) 1.7(0.7)* 
Max Block 1.1(0.3) 224 (0.9)* 
start of recovery 6.4(1 5) 13.2(4.2)* 
5% recovery 7.0(1.6) 14;7(6.6)* 
* p< 0.05 
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Introduction: Several recent studies describe the 
use of intrapleural bupivacaine (BUP) for 
analgesi _gafter thoracotcmy and upper abdominal 


surgery. BUP was injected through an 
intrapleural catheter placed at the end of 
surgery. We report a randomized, double-blinded 


study in which intrapleural catheters were placed 
in patients about to undergo thoracotomy. We 
addressed the following questions: 1) what are the 
complications of blind intrapleural catheter 
insertion? 2) what blood levels of BUP are 
achieved intraoperatively? 3) does intrapleural 
BUP affect anesthetic requirement? 


Methods: After Institutional Review Board 
approval 18 consenting adults requiring 
thoracotomy were included in this randomized, 
double-blinded study. All were given diazepam 5 
mg orally before surgery. Anesthesia was induced 
with thiopental 2-4 mg/kg, fentanyl 2 mcg/kg, 
pancuronium 0.1 mg/kg, and isoflurane in oxygen. 
After tracheal intubation the patients were turned 
with the operative side up and an 18 g Hustead 
epidural needle (Burron Accu-bloc Perifix Epidural 
tray) on a saline-filled glass syringe was passed 
over the sixth or seventh rib posteriorly, medial 
to the scapula and 3-4 cn above the intended 
incision line. The needle was directed anteriorly 
toward the corresponding vertebral body. During 
apnea the needle was advanced through the parietal 
pleura with loss of resistance and the epidural 
catheter (20 g, closed tip) was inserted to 30 cm. 
Then either BUP 1.5 mg/kg (0.5% solution) or an 
equal volume of saline was injected while supine. 
After 10 minutes the patient was positioned for a 
standard thoracotomy incisicn. Upon opening the 
pleural space the surgeon made a visual inspection 
of catheter placement. Anesthesia was maintained 
with isoflurane, oxygen, and relaxant. End-tidal 
isoflurane concentration was measured by mass 
spectrometer. For 5 patients, arterial samples 
were drawn at 5, 10, 20, 30, 60, 120, and 180 
minutes and BUP levels were determined by gas 
chromatography. Pneumonectomy became necessary in 
3 patients and they were excluded from the study 
after inspection of catheter placement. 


Results: The bupivacaine (BUP) and control groups 
(CON) were similar with respect to ASA physical 
status, age, weight, and duration of surgery 
(Table 1). Three catheters were found coiled 
within the chest wall. Seven of 18 catheters were 
in optimal position without pneumothorax or entry 
into lung tissue. An additional catheter was 
intrapleural but the patient had a hemodynamically 
significant tension pneumothorax. Two other 
catheters entered lung tissue (less than 5 cm), 
one due to lung adhesions, and the other 
associated with a non-tension pneumothorax. The 
remaining 5 catheters entered lung tissue (range 
5-30 cm), one with a non-tension pneumothorax and 
2 others coiling entirely inside necrotic tumor. 
Three of these 5 catheters were inside normal lung 
tissue (no adhesions). Maximal BUP plasma 


concentrations (Cmax) and time of Cmax (Tmax) are 

shown in Table 2. End-tidal isoflurane 

concentrations were consistently lower in BUP 

patients but only at 15 minutes was statistical 

significance achieved. (Table 3) 

Table 1. Patient Characteristics (mean+SD) 
Duration of 


Age (yr) Weight (kg) Surgery (min) 


BUP 5749 74415 128454 

(n=7) {range 46-74) (52-91) (66-214) 
CON 48+15 86+15 98+28 

(n=8) ‘range 23-66) (61-104) (70-145) 


Table 2. Arterial plasma levels of BUP 


Patient Cmax (mcg/ml) Tmax (min) 
1 4.37% 60 
5 1.39% 60 
7 1.37 60 
8 2.65 30 
10 2.27 20 
mean+SD 2.14+1.23 46419 


*Catheter embedded in normal lung. 


Table 3. End-tidal Isoflurane Z (meantSD) 


time 
(min): 15 30 45 60 


BUP 0.63+0.41* 0.72+0.51 0.65+0.27 0.52+0.30 
(n=3) 

CON 1.10+0.20 1.054+0.20 0.854+0.32 0.86+0.29 
(n=7-8) 

*P<0.05 student's T test, compared to CON 
Discussion: Intrapleural catheter placement for 
BUP injection reportedly provides effective 
postoperative analgesia with few complications. 
Accordingly, some have advocated this technique 
for analgesia in patients with chest wall injuries 


or impaired pulmonary function. In our study 
over halt of the catheters were sub-optimally 
positioned. Within 30 minutes 3 patients had 
significant pneumothorax. An additional 5 


patients had catheters in the lung and were at 
risk for pneumothorax as well as systemic BUP 
toxicity. Positive pressure ventilation of the 
lungs probably accounts for our high rate of 
complications as compared to others' results with 
spontaneously breathing patients. Therefore, we 
do not believe this isa safe technique for 
seriously ill patients who might need positive 
pressure ventilation. 
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introduction. It is becoming increasingly 
common to harvest shed blood and transfuse 
salvageable washed red blood cells in order to 
reduce dependence on bank blood. 22 However, 
little data documents aberrations produced when 
scavenged red c2lls, crystalloid, and colloid 
replace a significant fraction of a patient's 
blood volume. 


Methods. Ten consecutive patients who had 
given informed consent, scheduled to undergo 
anterior or posterior spine fusion for scoliosis 
were included in this local review board approved 
study. Hemoglobin concentration, platelet count, 
serum albumin concentration, and prothrombin time 
were measured pre-operatively, immediately post- 
operatively, and daily for a week following 
surgery. To facilitate appropriate fluid 
therapy, during each procedure a laptop computer 
displayed a running tally of estimated blood, 
plasma, and red cell volumes and hematocrit. In 
general the first twenty percent of estimated 
blood volume Icst was replaced with 6% 
hydroxyethyl starch and washed scavenged cells as 
quickly as the latter became available for 
transfusion. When the estimated hematocrit fell 
below 30%, eitter whole blood or packed red cells 
were transfusec according to the relative need to 
increase red cell mass or blood volume at any 
particular time. Normal saline was used for 
further volume replacement. Bank blood was 
administered post-operatively according to usual 
clinical criteria. No patient received albumin, 
plasma, or platelets. 


Results. Blood loss ranged from 39% to 54% 
of estimated blood volume, with the exception of 
one patient who lost 176% of his estimated 
volume. Only this last patient received bank 
blood during surgery. Hemoglobin concentration 
fell to and was maintained in the vicinity of 8-9 
g/dl, with the postoperative administration of 
packed red cells. 

Platelet counts immediately after surgery 
ranged from 375,000 to 110,000/mm3. Three 
patients had values below 150,000 in the. recovery 
room or on postoperative days 1-3. Low values 
recovered after the third day. 

Prothrombin times fn the recovery room 
ranged from 12 to 16 seconds (control 12). All 
values were normal by the 2nd or 3rd postoperative 
day. 

Serum albumin fell to 1.] to 2.7 g/dl and 
remained relatively constant throughout the 
period of observation. 


Discussion. Hemodilution with saline and 
hydroxyethyl starch and the infusion of scavenged 
washed red cells sufficed to replace blood loss 
in the range of 30%-50% of estimated blood volume 
without the use of bank blood. This presents a 
clear advantage in terms of avoiding transfusion 
reaction or the transmission of blood-borne 
diseases such as hepatitis or AIDS. However, as 
Silva points out we pay a price when using 
autotransfusion.3 Since the replacement fluids 
lack all blood components except red cells, 
sodium chloride, and water, one would expect a 
significant hypoproteinemia, throbocytopenia and 
dilution induced coagulopathy. Our data 
demonstrate that serum albumin is diminished to a 
clinically significant degree during surgery, and 
that this deficit is not restored during the 
first postoperative week, Furthermore three of 
these patients had a significant thrombocytopenia 
during the first few days after surgery, although 
none had a deficit which would be expected to 
cause bleeding or require platelet transfusion. 
Using prothrombin time as a gross measure of the 
availability of clotting factors no patient had a 
clinically significant coagulopathy. 

These patients demonstrated other problems 
as well. AIl had some degree of anasarca, though 
none had clinically apparent pulmonary edema. 

Two patients had hemoglobinuria lasting a day 
without apparent sequel lae. 

In summary these patients could sustain a 
significant blood loss and be managed with 
relatively little or no bank blood. However they 
suffered loss of platelets and albumin as a 
result. While no patient in this small group 
required therapy for this loss, patients with 
less cardiovascular, hepatic, or hematopoetic 
reserve might not tolerate the stress as well. 
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Introduction. Doxacurium (BW A938U) is a 
potent nondepolarizing neuromuscular blocking agent 
for which safety and efficacy has been demonstrated 
in adults (1). In a previous study, with the 
incremental dose technique, the ED95 of doxacurium 
was determined to be 0.03 mg/kg in children 
anesthetized with halothane. Presently we report 
the neuromuscular and cardiovascular effects of 
bolus doses cf 0.03 mg/kg and 0.05 mg/kg of 
doxacurium in children anesthetized with halothane. 


Methods. The protocol for the study was 
approved by the Subcommittee on Human Studies, 
Committee on Research and by the Pharmacy Committee 
of our institution. Written informed consent was 
obtained from parents and from children 7 years of 
age and older. 


Fifteen ASA Class I & IL children 2-12 years 
of age were studied. Children less than 7 years 
received rectal methohexital (20-40 mg/kg) prior to 
surgery; the older children did not receive any 
premedication. They were anesthetized with N20:02 
and halothane. Blood pressure, heart rate, EKG, 
precordial sounds, 02 saturation, end-tidal C02 and 
temperature were monitored. Contraction of the 
adductor of the thumb to indirect stimulation of 
the ulnar nerve was recorded on Grass Polygraph via 
a force displacement transducer, Grass FT-03. 
Repeated supramaximal train-of-four (2 Hz for 2 
sec) stimuli were used at a frequency of 0.1 Hz 
applied at the wrist with surface electrodes. 


Following induction of general anesthesia and 
stabilization at 0.75~-1.254 inspired halothane 
concentration single bolus doses of 0.03 mg/kg 
(n=8) or 0.05 mg/kg (n=7) of doxacurium were 
administered. After a minimum of 5 = nin 
endotracheal intubation was performed. Surgical 
stimulation was kept at minimum following the 
administration cf doxacurium. Pulse rate and blood 
pressures were recorded at beseline and at 1 min 
intervals for 10 min. Conditions for endotracheal 
intubation were considered gcod if the vocal cords 
were relaxed and abducted but with the passage of 
the tube a slight cough occurred. It was 
considered excellent if no movement occurred during 
or after intubation. The recovery of the twitch 
height was followed. 


When clinically indicated, patients received 
incremental additional doses of the relaxant. If 
residual neuromuscular relaxation was present at 
the end of the surgical procedure, it was 
antagonized by the administration of atropine 0.03 
mg/kg and neostigmine 0.06 mg/kg. 


Results. The mean age of the children studied 
was 5.6 (SE+0.9) years. 


In the first eight children receiving bolus 
doses of 0.03 mg/kg of doxacurium a mean (+SE) 
90.1(+4.8)% depression of the first twitch of the 
train-of four (Tl) occurred in 6.6(+0.8) min. This 
dose produced intubating conditions that were 
considered excellent in two patients and good in 
the other five. After this dose the twitch 
response recovered to 25% of control in 25(+6) min, 
to 50% in 34(+6) min and to 75% in 51(+8) min. The 
recovery index (25-75%) was 26(+3) min in these 
patients. 


The larger does of doxacurium (0.05 mg/kg) 
produced 100% depression of the twitch response 
(Tl) in six children and 98% depression in the 
seventh. The maximum neuromuscular depression 
occurred in 3.14+(0.2) min. Conditions for 
endotracheal intubation were considered excellent 
in all these patients. Tl recovery to 5% occurred 
in 26(+4) min to 25% in 42(+4) min and 50% in 
56(+5) min. 


In the first 5 min after the administration of 


doxacurium, there were no significant changes in 
the mean arterial pressure or the heart rate. The 
maximum percent change in mean arterial pressure 
after 0.03 mg/kg was 102.1(+6.2)% of control and in 
heart rate 101.8(+5.6) of control. After 0.05mg/kg 
the change was 105.2+7.1% in mean arterial pressure 
and 108+6.3% in heart rate. 


Discussion. ED95 doses (0.03mg/kg) and 1.7 
times ED95 (0.05mg/kg) doses of doxacurium were 
very well tolerated by children anesthetized with 
halothane with no clinical changes in heart rate or 
blood pressures. Compared to preliminary adult 
data, children seem to require larger doses of the 
drug to achieve comparable neuromuscular depression 
and seem to recover faster. 


The onset and duration of action of BW A938 
compares favorably with presently available 
neuromuscular blocking agents (3). The absence of 
side effects, however, would offer an advantage 
over the existing ones. 
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Introduction: In an animal model, burn wound excision has 
Been found to be followed by a protracted pulmonary 
dysfunction, characterized by pulmonary hypertension and 
a decrease in PaO (1). The present study was performed 
to determine if and to what extent pulmonary 
hemodynamics end gas exchange are affected by wound 
excision in burned patients. 


Methods: After IRB approval, 11 patients undergoing 
debridement and skin grafting procedures were studied. 
Patients' mean + SD age was 36 + 10 years, body weight 
was 72 + 18 kg, burn size was 53 + 10% BSA, and postburn 
day of study was 19 + 13. All patients were without 
significant pulmonary, cardiac, renal, or hepatic 
dysfunction, were not septic, and were not receiving 
intravenous hyperalimentation. Three patients were 
studied twice, 2, 13, and 14 days apart, respectively. 
After pulmonary and systemic arterial catheters were 
introduced, anesthesia was induced with thiopental, 4-6 
mgkg-! (followed by vecuronium, 0.1 mg-kg-1, and 
endotracheal intubation) and maintained with enflurane or 
isoflurane at end-tidal concentrations of 0.75 MAC in 
N20:02 with a constant FJO2 of 0.36-0.45. Mechanical 
ventilation (tidal volume 10-15 ml-kg-!, rate 8-12 
breath-min-!) was used to maintain normocarbia. 
Lactated Ringer's solution (LR) and packed red cells 
(PRC) were administered to maintain pulmonary capillary 
wedge pressure (PCWP) between 6-15 mmHg and 
hemoglobin (Hb) concentration at about 10 g-dl-!. Serial 
measurements, including cardiac output, systolic, mean 
and diastolic pulmonary artery pressures (PASP, PAMP, 
PADP), PCWP, right atrial pressure (RAP!, arterial and 
mixed venous blood Hb, pH, PO2, PCOz, and O2 contents 
were made before induction of anesthesia (Stage 1, 
baseline); 30 min after induction of anesthesia (Stage II); 
at the end of surgery, after wound excision, but still under 
anesthesia (Stage II); in the recovery room (Stage IV) 
while the patients were normothermic, hemodynamically 
stable, were breathing spontaneously, and were not 
shivering. Cardiac index (CI), pulmonary vascular 
resistance (PYR), alveolar-arterial oxygen tension 
gradient (P(A-a)O2), and venous admixture (Qsp/Qt) were 
calculated using standard equations. Serum colloid 
osmotic pressure (COP) was determined before and 12-24 
hours after surgery. 


Results: (Table) During anesthesia, wound excision was 
not followed by any significant change in either 
pulmonary artery pressure nor gas exchange indices (Stage 
Ill vs Stage I). Postoperatively (Stage IV), all 
hemodynamic variables returned to baseline values and 
again, no deterioration in lung function was detected. 
The size of wound excision was 21 + 6% body surface 
area. Intraoperative blood loss was replaced with 5.2 + 
1.5 liters of LR and 3.5 + 1.5 units of PRC. COP 
decreased during the study period from 13.7 +3 to 9.643 
mmHg (p< 0.001), At Stage I Hb was 10.4 + 1.3 gedi-1, 
PCO? was 38 + 4.5 mmHg, pH was 7.43 + 9.03, RAP was 
8.2 + 2 mmHg, and they did not change significantly 
throughout the study. 


Discussion: Baseline PASP and PAMP were abnormally 
high and associated with an elevated CI and low PVR. 
During anesthesia, PASP and PAMP decreased in a 
parallel fashion with CI while PVR remained unchanged. 
Throughout the study, PADP-PCWP difference was 
normal, ranging from 0 to 5 mmHg. Therefore, pulmonary 
hypertension in burned patients appears to be a 
consequence of the high CI rather than of abnormal 
pulmonary vasculature. Pulmonary artery pressures and 
PVR were not affected by wound excision. 

Pre-operative gas exchange indices were abnormal 
despite no significant lung abnormality was detected by 
physical exam and x-ray. During anesthesia, gas exchange 
impairment did not further increase and actually was of 
the magnitude reported in normal patients under the same 
anesthetic conditions (2,3). No deterioration in gas 
exchange was observed after surgery, when COP-PCWP 
gradients were often less than 2 mmHg, suggesting that 
the large amounts of crystalloids administered to replace 
blood loss were well tolerated. In conclusion, burned 
patients were shown to have pulmonary hypertension and 
abnormal gas exchange, which, however, were not 
affected by wound excision. 


Table: 
Effects of Wound Excision on Pulmonary 
Hemodynamics and Gas Exchange in Burned Patients 


Variable Stage I Stage II Stage III 
CI 6.2 + 0.9 4.34 0.83 4.5 + 0.78 
PASP 32 + 5.4 27 + 5.58 28 + 4.58 
PADP 144 3.4 11 +2.43 114 2.4a 
PAMP 20 + 3.6 16 + 3.08 17 + 2.94 
PCWP 11 + 3.0 9 + 2.08 10 + 2.3 
PVR 60 + 20 66 + 23 68 + 24 
PaO? 74+ 11 150 + 37 160 + 33 
P(A-a)O2 26+ 12 76 + 36 68 + 29 
Qsp/Qt 12.547 14.0 + 3.8 13.6 + 3.5 


0.38 + 0.02 0.38 + 0.02 


Mean + SD (n = 14). Stage I, pre-excision, awake; Stage 2, 
pre-excision, anesthetized; Stage IIl, post-excision, 
anesthetized. CI = cardiac index (leminem-2); PASP, 
PADP, PAMP = pulmonary artery systolic, diastolic, and 
mean pressure (mmHg) respectively; PCWP = pulmonary 
capillary wedge pressure (mmHg); PVR = pulmonary 
vascular resistance (dyne-sec-cm~>); PaOz = arterial 
oxygen tension (mmHg); P(A-a)O2 = alveolar-arterial 
oxygen gradient (mmHg); Qsp/Qt = venous admixture (%); 
F]O2 = fraction of inspired oxygen concentration. 
a= p < 0.01 vs Stage I. 


References: 


1. Demling RH, Ryan P, Katz A, Lalonde C. Pulmonary 
dysfunction after burn wound excision. Proc Am Burn 
Assoc 1986;18:48. 

2. Nunn JF. Applied Respiratory Physiology, 2nd Ed. 
London, Butterworths, 1977 

3. Dueck R. Gas exchange. Intl Anesthesiol Clin 
1984322313027. 


$82 ANESTH ANALG 
1988;67:S1-S266 


ABSTRACTS 


Title: HAEMODYNAMIC CHANGES DURING EXTRACOF@D2EAL SHOCKWAVE LITHOTRIPSY UNDER GENERAL ANAESTHESIA. 


Authors: R.M. Griffin, B.M., F.F.A.R.C.S. 


Affiliation: The Anaesthetic Unit, The London Hoso_zal, Whitechapel El 1BB, U.K. 


Introduction. Extracorporeal Shockwave Lithotripsy 
(ESWL) may be performed under either regional or 
general anaesthesia. Epidural anaesthesia is 
preferable because patients are able to cooperate 
in their positioning, benefit from prolonged 
postoperative analgesia and have little 
constitutional disturbance. However, some patients 
may not tolerate epidural anaesthesia and for 
these, a suitable general anaesthetic technique 
must be chosen. The purpose of this study was to 
determine which anaesthetic technique (volatile vs. 
volatile with opiate supplementation) produced 
minimal haemodynamic changes during ESWL. 


Methods Fifty patients ASAI or II and scheduled 
for ESWL (Dornier system) were randomly allocated 
to receive either enflurane (E) or fentanyl (F) 
after institutional approval and informed consent 
had been obtained. All patients received midazolam 
0.03mg/kg and glycopyrrolate 0.005mg/kg 5 minutes 
prior to induction with thiopentone 5mg/kg and 
suxamethonium 1.5mg/kg. Subsequently muscle 
paralysis was achieved with vecuronium 0.1mg/kg and 
patients ventilated to normocapnia with 66% nitrous 
oxide in oxygen. Patients in Group A were given up 
to 2% E and patients in Group B received F 2mcg/kg 
immediately prior to induction and up to 1% E to 
ensure unconsciousness. All patients were 
preloaded with 500 mls. Hartmann's solution in the 
anaesthetic room. Systolic (SAP) and diastolic 
(DAP) arterial pressure (Datascope Accutorr) and 
pulse rate (PR) were recorded awake (I), 5 minutes 
after induction (II), after positioning on the 
cradle (III), 5 minutes after immersion in the bath 
(IV), after commencement of ESWL (V) and 
continuously at 3 minutes intervals thereafter 
until the patient responded to command. 
Hypertension and hypotension were defined as SAP 
20% greater than or less than control respectively. 
Hypertension in group A was treated by increasing 
the inspired E concentration and in Group B by 
increments of F (25mcg). Hypertension in both 
groups was treated with i.v. fluids and ephedrine. 
E was discontinued as the patient was removed from 
the bath. After reversal of muscle paralysis, the 
time taken for the patients to respond to command 
was noted. Nausea and postoperative pain were 
assessed in the recovery room. Statistical 
analysis was with Student's T test and F test. 


Results Patients were well matched with respect to 
age, number of shocks received, duration of 
anaesthesia and length of shock treatment. SAP was 
reduced below control (awake) values when the 
patient was positioned on the cradle (III) and up 
to 5 minutes after immersion in the bath (IV) 
(p<0.05). However, these changes were not 
significantly different between groups A and B. 


23 patients in group B and 20 patients in group A 
had 27 and 21 episodes of SAP <20% control 
respectively (not significant). Mean duration of 
hypotension was longer in group B patients (9.16 + 
5.18 min) than groupA patients (6.92 + 5.36 min). 
Two patients in group B required ephedrine to 
maintain SAP. In group A 16 patients had 22 
episodes of SAP> 20% control values compared with 
7 episodes in 7 group B patients (p<0.05). S 


Discussion During both regional and general 
anaesthesia for ESWL, haemodynamic changes may occur 
due to positioning of the patient on the cradle, 
immersiqn ip the bath and stress of the shock 
waves, (1,( It is important to minimise these 
changes, especially in patients with poor 
cardiovascular reserve, The results of this study 
suggest that hypotension (SAP <20% control) readily 
occurs during positioning on the cradle and 
immersion in the bath, irrespective of whether an 
opiate based + volatile or solely volatile 
anaesthetiz technique is used. However, the stress 
of ESWL (as reflected by an increased SAP) may be 
attenuated to a greater degree when fentanyl is 
given in addition to a volatile agent. 
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Haemodynamic Changes During ESWL 


A I I III IV v 
SAP 1423+18 145+22 107+19* 105+17* 124+18 


DAP 86+13 93+12 69+11 - 64+13 78+12 
PR 83+16 97+18 94+16 92+18 89+17 
B 


SAP 139+18 124+15 101+18* 103+22* 117+16 
DAP 87+10 79+10 65+10 63+15 72+10 
PR 7S+16 82416 7914 76+15 79+12 


All results expressed as mean + SD 
* p<0.05 cempared to control. 7 
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Intr ion: WVecuronium (Vec) is an intermediate 
duration nondepolarizing neuromuscular relaxant with 
known pre-junctional action (1). It has been shown 
effective in suppressing succinylcholine (Sch) -induced 
fasciculations (2). This study investigated the pre- and 
post-junctional interactions of Vec and Sch in the cat. 


Methods: Exper.ments were performed on anesthesized 
cats weighing 2.0-4.1 kg. Anesthesia was induced with 
nitrous oxide and halothane and maintained with 
alpha-chloralose 90 mg/kg iv. Cats were tracheostomized 
and ventilated ta maintain normocarbia. Arterial BP was 
monitored continuously. Cat soleus neuromuscular 
preparations were like those of Standaert(3) and Hartman 
et. al.(4). Isometric contractile tension of soleus muscle 
was recorded in response to supramaximal nerve stimuli 
of 8-12 mV and 2.5 ms duration; stimuli were delivered at 
0.4 Hz. Vec and Sch were given sequentially by vein. 
The intensity and time-course of Sch (100 mcg/kg) action 
was observed before and after various Vec doses (0.625 
-10 mceg/kg) were administered (fig. 1). Five minutes 
elapsed betwe2n pretreatment with Vec and Sch 
administration. At intervals, the nerve was stimulated at 
400°Hzx10 sec. to evoke a neurally mediated post tetanic 
twitch potentiation (PTP)(3). Thus, PTP was used to 
evaluate motor nerve terminal changes caused by Vec 
and Sch. 


Results: Vec deses at or below 10 mcg/kg did not reduce 
indirect twitch. Over the Vec dose range af 5-10 mcg/kg 
administered prior to Sch 100 mcg/kg iv, fasciculations 
were antagonized in a dose-related manner. When Vec 
was given in smaller doses (0.625-2.5 mcg/kg), 
fasciculations were not prevented. 

Vec, as a function of dose, reduced PTP. On 
average the highest Vec dose (10 mcg/kg) reduced PTP 
to about 1/3 of control, and on occasion, Vec doses of 
5-10 meg/kg abolished PTP. 

Over the entire range of Vec doses examined, both 
depth and duration of the subsequent neuromuscular 
blockade induced by Sch were antagonized in a 
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Fig. 1 


dose-related manner. At the highest Vec doses (5-10 
mceg/kg), subsequent Sch blockade was antagonized 
50.3% +/- 5.3 (% of control +/- SE). The Sch block 
duration was also shortened by 53.9% +/- 4.5. 
Discussion: These experiments demonstrate Vec's pre- 
and post-junctional actions. Vec, acting pre-junctionally, 
antagonizes repetitive nerve firing induced by high 
frequency tetanic stimulation, thereby antagonizing 
neurally mediated PTP. Similarly, Sch-induced repetitive 
firing of the nerve is antagonized by Vec. Pretreatment 
with Vec has been utilized clinically to prevent 
Sch-induced fasciculations and their complications in the 
operating room. However, Vec's action to antagonize 
fasciculations without causing twitch depression appears 
to fall within a narrow dose range (5-10 mcg/kg). 

As a function of dose, Vec, acting post-junctionally, 
antagonizes the depth and duration of Sch-induced 
neuromuscular blockade. Thus clinically, a larger dose of 
Sch is required to obtain adequate relaxation. 

Sch's pre-junctional effects are more susceptible to 
antagonism by Vec than its post-junctional neuromuscular 
blocking effects (fig. 2). This implies that pre- and 
post-junctional cholinergic receptors differ. The 
pre-junctional receptors appear more sensitive to Vec's 
effects. 


References: 

1. Baker T, Aguero A, Stanec A and Lowndes HE. 
Prejunctional effects of vecuronium in the cat. 
Anesthesiology 1986; 65: 480. 

2. Erkola O, Salmepera A and Kuoppamari R. Five 
non-depolarizing muscle relaxants in precurarization. 
Acta Anaesthesiol Scand. 1983; 27: 427. 

3. Standaert FG. The mechanism of post-tetanic 
potentiation in cat soleus and gastrocnemius muscles. 

J Gen Physiol. 1964; 47: 987. 

4. Hartman GS, Fiamengo SA and Riker WF, Jr. 
Succinylcholine: mechanism of fasciculations and their 
prevention by d-tubocurarine or diphenylhydantoin. 
Anesthesiology 1986; 65: 405. 







125 
Seb-Induced 
Neuromuscular 
100 Blockade 
Following 
Pretreatment 
75 With Yec. as 
Percentage of 
Control 


125 
Fasciculations 
Following Pre- 





t p< 0.001 i Ap< 0.005 


3 H ay 
1.25-2.57 stot 1.25-25* 5-10* 
Fig. 2 Doses of Yecuronlum (megikg) 


S84 ANESTH ANALG 
1988;67:S1-S266 


ABSTRACTS 


TITLE: Cardiovascular Effects of Mivacurium chloride in Patients with Coronary Artery Disease 
AUTHORS: B.C. Hall, M.D., B. Baldwin, CRNA, R.1. Raymond, P.A.-C, M.M. Abou-Donia, Ph.D., 


J.N. Weakly, Ph.D., R.W. McIntyre, M.J 


AFFILIATION: Department of Anesthesiology, Duke Uriversity Medical Center, Durham, NC 27710 and Department 
of Clinical Neurosciences, Burroughs lellcome Co., Research Triangle Park, NC 27709 


INTRODUCTION: 

Mivacurium is a neuromuscular blocking agent 
currently in clinical trials’. It has previously 
been shown to have minimal hemodynamic effects 
when given at doses up to and including 0.15 mg/kg 
(~2 x ED95) in ASA I-II patients?. We examined 
the hemodynamic effects of mivacurium in patients 
with documented coronary artery disease. 

METHODS: 

Nine ASA III-IV patients aged 47-75 years old 
undergoing coronary artery bypass grafting (CABG) 
were studied after obtaining institutionally 
approved written informed consent. Patients had 
ejection fractions >.40 as measured by left 
ventricular angiography and had no evidence of 
unstable angina. Premedication consisted of a 
narcotic (morphine 0.1 - 0.2 mg/kg,i.m. or metha- 
done 5-15 mg,p.o.) and a benzodiazepine (diazepam 
0.07 - 0.21 mg/Ag,p.o. or lorazepam 0.5 - 4.0 
mg,p.o.). Prior to anesthetic induction, pulmo- 
nary artery and radial artery catheters were 
inserted. Anesthesia was induced with intravenous 
fentanyl (0.1 - 0.25 mg) in successive increments. 
Intravenous midazolam (0.05-0.20 mg/kg) was admi- 
nistered to augment anesthesia. Intubation was 
accomplished with intravenous succinylcholine (1.0 
mg/kg). 100% oxygen was administered throughout 
and the patients were ventilated to maintain a 
normal PaCO2. Ten minutes after intubation, under 
steady state conditions, 0.15 mg/kg mivacurium was 
administered intravenously over 60 seconds. 
Arterial blood pressure, pulmonary capillary wedge 
pressure, central venous pressure, heart rate and 
cardiac output were measured at baseline prior to 
mivacurium and at 2,5 and 10 minutes following 
mivacurium. Data were compared by analysis of 
variance. 

RESULTS: 

Cardiovascular variables (mean + SEM) are 

shown below: 


Baseline 2 min 





(Sys BP = systolic blood pressure, mm Hg; Dias 
BP = diastolic blood pressure, mm Hg; MAP = mean 
arterial blood pressure, mm Hg; HR = heart rate, 
min-*; PCWP = pulmonary capillary wedge pressure, 
mm Hg; CI = cardiac index, 1l.min-'.m-?; SVR = 
systemic vascular resistance, dynes.s.cm-°) 


There was no significant change in any variable 
with time. There was a notable absence of hypoten- 
sion and tachycardia. In addition, there was no 
evidence of myocardial ischemia as determined by 
ST-segment analysis. 


DISCUSSION: 


Neuromuscular blocking agents may have car- 
diovascular side-effects that are undesirable in 
cardiac patients. A previously reported study has 
shown thet rapid bolus administration of 0.20 - 
0.25 mg/kg (~2.5-3 x ED95) mivacurium results in 
little or no hemodynamic changes in most healthy 
(ASA I-II) patients, but is associated with tran- 
sient hypotension and tachycardia in some 
patients?. Rapid administration of 0.15 mg/kg (~2 
x ED95) mivacurium was without effect on mean 
arterial pressure or heart rate in healthy (ASA 
I-II) patients. Our preliminary data suggest that 
0.15 mg/kg mivacurium, given over approximately 60 
seconds, was associated with no remarkable car- 
diovascular effects in patients with coronary 
artery disease. Further investigation of the car- 
diovascular effects of mivacurium in patients 
undergoing coronary artery bypass and valvular pro- 
cedures is warranted. 
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Introdution. Inhalational induction is a popular 
technique in pediatric anesthesia; however, it is not always 
acceptable to young unpremedicated children. There is 
disagreement among anesthesiologists on whether the use of 
intramuscular ketamine is an appropriate alternative 
induction technique in children scheduled for brief 
outpatient procedures, because of concerns over delayed 
recovery. This study examines the sedating effect, time to 
mask acceptance, the recovery and discharge times 
following the use of low dose intramuscular ketamine (2 
mg/kg) as a "prerredicant/induction" agent in young children 
undergoing brief outpatient procedures. 


Methods: The study was approved by the institutional 
review board. Information explaining the protocol was 
available for parents’ review. Thirty-five unpremedicated 
children ages 1-3 years scheduled for bilateral insertion of 
tympanostomy tubes under general anesthesia were 
studied. In twenty children, anesthesia was induced by 
injecting 2 mg/kg of ketamine (100 mg/ml) in the deltoid 
muscle using a 25 gauge needle. Induction time was defined 
as the time from ketamine injection until the child became 
sedated enough to accept a combination of 70% NO and up 
to 3% halothane close to, but not touching, his face. The 
quality of induction was rated as excellent, if the child did 
not object to the inhaled gases, adequate if there was slight 
resistance, or unacceptable if the child continued to cry or 
pushed the mask away. In the remaining 15 patients, 
induction was accomplished by inhalation of N»O and 
halathane. Anesthesia was maintained with NoO, Oo and 
halothane delivered via face mask in all cases. The 
recovery time was defined as the interval from 
discontinuation of the anesthetic gases until the child met 
the Post-Anesthesja Recovery Room (PARR) discharge 
criteria (Aldrete). The discharge time was the time 
required for the child to meet all routine criteria for release 
from the hospita.. A phone call was made to the parents 24 
hrs. postoperatively to inquire about post-discharge 
complications and/or complaints. The recovery and 
discharge times in patients who receved intramuscular 
ketamine induction were compared to those recorded in the 
children in whom both anesthesia induction and maintenance 
were accomplished by the inhalation of N20 and halothene 
using the 2-sample t-test. 


Results: The mean age and weight of the patients are 
shown in the table. The mean induction time following 2 
mg/kg of ketamine was 2.7 + 0.3 minutes. The quality of 
the subsequent halothane induction was judged excellent in 
61% of cases and adequate in the remaining 39%. There 
were no unacceptable inductions following ketamine 
administration. The mean duration of anesthesia and 
surgery, PARR recovery, and total discharge times for 
patients in both groups are also shown in the table. There 
were no incidents of any psychological disturbances that 
were observed by parents within 24 hrs. of surgery. 


Age, weight; anesthesia, surgery, recovery and 
discharge times for patients who received 
Ketamine vs. halothane induction (mean + SD) 


Ketamine (n=20) Halothane (n=15)  P* 


Age (month) 20.7 + 4.9 24.73 + 9.66 NS 
Weight (Kg) 11.25 + 1.65 13.93 + 1.94 < 001 
Anesthesia time (min) 16.4 + 4.6 20.27 + 5.06 <.03 
Surgical time (min) 7.25 + 3.0 8.53 + 3.38 NS 
Recovery time (min) 14.5 + 4.9 13.93 + 4.64 NS 
Discharge time (min) 74.7 + 14.1 61.33 + 21.50 <.04 


*2-sample t-test 


Discussion: 


Inhalational induction is by far the most commonly 
used technique in pediatric outpatient anesthesia. 
Successful mask induction, however, requires the patient's 
acceptance and continued cooperation. Failure to achieve 
such cooperation is not uncommon, 2specially in young 
unpremedicated children. Although the use of intramuscular 
injections is generally undesirable as a routine practice in 
pediatric anesthesia, it may be indicated in certain 
situations. When a struggling child refuses the mask and 
cannot be managed by an intravenous induction because of 
lack of accessible veins, a small secating intramuscular 
injection may be the most humane way to induce sleep. 
Ketamine is one of the few induction agents that can be 
injected intramuscularly. Its use in the standard induction 
doses, (5-10 mg/kg), however, results in lengthy recovery 
time. 


Our results show that low dose IM ketamine is an 
acceptable "premedicant/induction" agent in young 
children. The induction time is short. F.ven following very 
brief surgical procedures, the recovery time is not prolonged 
when compared to a pure inhalational technique. Although 
the total discharge time is statistically longer, it is still 
clinically acceptable. The technique deserves more 
frequent consideration in the management of "difficult" 
pediatric patients. 
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Introduction. 

Succinylcholine (Sch) fasciculations result from its 
known action to evoke repetitive discharging of motcr 
nerve endings(1). To prevent Sch induced fasciculatiors 
Clinically, it is a common practice to pretreat with a non— 
depolarizing neuromuscular blocker. In prior work w2 
have defined, using a well studied cat neuromusculer 
preparation, the dose - selectivity and time course of d- 
tubocurarine (dTC) in pretreatment suppression of Scr 
fasciculations(2). This preparation permits in sits 
monitoring of repetitive activity from motor nerve endings 
as well as the post - junctional muscle response. Since 
atracurium has been shown clinically to be effective fo 
pretreatment suppression of Sch fasciculations(3), we 
have studied atracurium's mechanism of action, dose 
selectivity, and time course, as we did for dTC 
pretreatment. 


Methods. 

Experiments were performed on anesthetized cate 
weighing 1.5 - 3.0 kgs.. Anesthesia was induced witt 
halothane and maintained with alpha-chloralose 
90mg/kg i.v.. Cats were tracheostomized and ventilated 
maintaining normocarbia. Experimental methods were 
like those of Riker(4) and Raines & Standaert(5). The 
contractile tension of soleus muscle in response tc 
supramaximal nerve stimulation at 0.4 Hz. was recorded. 
In several cats, dorsal laminectomies were performed tc 
enable antidromic recording of motor nerve ending activity 
via ventral root filaments. Stimulation at 400 Hz for ten 
seconds evokes post - tetanic repetition (PTR) by motor 
verve endings and obligatory post - tetanic twitch 
dotentiation (PTP). This procedure was used to assess 
notor nerve ending changes in response to Sch before 
and after pretreatment with atracurium. Fasciculations 
vere observed grossly and counted as either present or 
absent. Corresponding discharges in ventral root 
ilaments were also recorded. Sch (100 pg/kg) was 
idministered intravenously and the time course and depth 
f blockade recorded. Return of PTR/PTP was used to 
ndicate recovery of motor nerve endings. With this as a 
‘ontrol, the responses in the same cat to the same dose of 
sch following atracurium pretreatment (50 pg/kg iv) were 
ecorded. Data were analyzed using paired t-tests except 
or fasciculation data which were evaluated non- 
larametrically. Statistical significance was accepted at P 
0.05. 


Results. 

Pretreatment with atracurium at dose levels below 
those blocking twitch, Suppressed the Sch evoked 
repetitive discharges of motor nerve endings and, 
therefore, prevented fasciculations. Similarly, atracurium 
also suppressed PTR in motor nerve endings. Atracurium 
pretreatment, like that of dTC, also decreased the blocking 
potency of Sch and shortened its duration. In some 
preparations, the sub - twitch blocking dose of atracurium 
caused slight potentiation of indirectly evoked muscle 
twitch. 


Discussion, 

Atracurium's effect to decrease the potency and 
shorten the duration of the Sch neuromuscular blockade 
is consistent with a postjunctional competitive antagonism 
between the two drugs. The sub - paralytic dose of 
atracurium also prevented PTR and PTP. 
Correspondingly, atracurium prevented Sch fasciculations 
by a prejunctional suppression of Sch induced motor 
nerve ending repetitive firing. The same mechanism of 
prevention of Sch fasciculations has been shown for dTC, 
another ron - depolarizing neuromuscular blocker (2). It 
is reasorable to assume that other non - depolarizing 
pretreatment drugs exert their effect by this mechanism, 
i.e. a selective prejunctional suppression of motor nerve 
ending redetitive firing. 
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Introducticn. Guanidine and methylguanidine 
(MeGuan) (1 entagonize nondepolarizing muscle 
relaxants (MR). This antagonism is due to the 
increase of stimulated acethylcholine (ACh) 
release(2). MeGuan is markedly increased in the 
plasma of patients and rats in chronic renal failure 
and even more so in the muscle and other tissues or 
the latter species(3). We have observed that, 
occasionally, the potency of atracurium and vecuro- 
nium was significantly decreased in kidney 
transplant patients. It was the purpose of this 
study to determine whether concentrations of MeGuan, 
enccuntered in the plasma of patients in chronic 
renal failure, antagonize in vitro the vecuronium 
and atracurium induced neuromuscular (NM) block. 

Methods. Male Sprague-Dawley rats of 250 to 
350g B.W. were lightly anesthetized with ether and 
decapitated. The phrenic nerve-hemidiaphragm pre- 
parations were suspended in modified Krebs' solution 
([CaC1,]=1.4mM; “MgSO, ]=0.9mM) aerated with 95% 02-5% 
CO., temperature 37° C, pH 7.38-7.42. The 
hemidiaphragms were stimulated indirectly through 
the phrenic nerves with supramaximal, square wave 
impulses of 0.2 ms duration at 0.1 Hz. Optimal 
resting tension (10 to 15g) was determined in each 
experiment. After the force of contraction (P), 
quantitated by an FTO3 transducer and continuously 
recorded, became stable the individual dose-response 
of the M effect of the MR was determined, without, 
or after 30 min exposure to 27.5 uM (3ug/ml) MeGuan. 
In other experiments , the antagonism of the NM effect 
of vecuronium and Mg by 60uM MeGuan was observed. 


Results. Preliminary addition of 27.5 „M` 


MeGuan to the organ bath caused a slowly developing 
<10% increase of P. This concentration of MeGuan 
shifted the lcg dose-response regression lines of 
both MR to the right (Fig. 1) and increased I50 of 
vecuronium from 4.4 to 6.4 uM and that of atracurium 
fron 11.9 to 17.7uM. The NM effects of MeGuan-MR 
combinations were reversed by washout to above 
control levels. The probable reason for this is that 
MeGuan, similarly to 4-aminopyridine, is difficuit 
to remove from the muscle. MeGuan , 60 uM antagonized 
the NM effect of vecuronium and Mg (Fig. 2). 

Discussion. The results presented indicate that 
MeGuan,in concentretions which may be present in the 
plasma of patients in chronic renal failure (3), 
antagonizes the NM blocking effect of vecuronium and 
atracurium. This finding explains the resistance to 
the M effects of vecuronium and = atracurium 
encountered in patients in chronic renal failure. 
MeGuan also antagonized the NM effect of Mg , 
due to inhibition of the evoked release of ACn. 
Therefore it is probable that MeGuan, similarly to 
guanidine and 4-aminopyridine, antagonizes the NM 
effect of vecuronium and atracurium by facilitating 
evoked release of ACh (2). Determination of 
plasma MeGuan is not a commonly available test. 
Lacking this information the anesthetist must be 
prepared to use larger than the conventional 
intubating doses of nondepolarizing MR and to 
determine bota the intubating and mairtenance doses 
of MR by monitoring NM transmission in patients in 
chronic renal failure. 
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Figure 1. The effect of MeGuan or the dose-response 
of vecuronium and atracurium. a. Vecuronium; b. 
MeGuan + Vecuronium; ce. Atracurium; d. MeGuan + 
Atracuriun. Note that MeGuan shifts the dose- 
response regression lines of vecuronium and 
atracurium to the right. 
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Figure 2. Reversal of the MeGuan-vecuronium block 
by washout and antagonism of the vecuronium or Mg 
block by the MeGuan. Note that the force of 
contraction of the muscle after washout or after 
reversal of the block by MeGuan is greater than 
control. 


References. 1. Barzaghi F, Mantegazza P, Riva 
M: Effects of some guanidine derivatives on neuromu- 
scular and ganglionic transmission. Brit J Pharmacol 
19:414-426, 1962. 
2. Lund H, Thesleff S: The mode of action of 4- 
aminopyridine on transmitter release from motor 
nerve terminals. Europ J Pharmacol 42:411-412, 
1977. 
3. Orita Y, Ando A, Tsubakihara Y et al: Tissue 
and blood cell concentration of methylguanidine in 
rats and in patients with chroric renal failure. 
Nephron 27:35-39, 1981. 


S88 ANESTH ANALG 
1988,67:S1-S266 


ABSTRACTS 


Title: DETERMINATION OF CARDIAC FUNCTION USI¥6 ESOPHAGEAL IMPEDANCE CARDIOGRAPHY 


Authors: J K Hayes, MS, K W Smith, MD, L E Baka- 


Affiliation: Department of Anesthesiology, University of Utah, Salt Lake City, Utah 84132, and University of 
Texas at Austin, Department of Biomed_cal Engineering 


Introduction. There is a need to develop a less 
invasive and economical way of assessing cardiac 
function in patients undergoing general anesthesia. 
The most commanly used method requires the insertior 
of a pulmonary artery catheter for thermodilutior 
Measurement o7 cardiac output. This procedure is 
costly, periodic, and potentially dangerous. Other 
less invasive methods are less reliable and require 
the use of expensive devices and personnel. This 
study investigated the use of an esophageal 
impedance catheter for beat to beat determination of 
stroke volume and cardiac output in comparison with 
standard thermodilution technique. 


Methods. Five animals (two dogs, 20-25 kg, and 
three sheep, 47-66 kg) were anesthetized, intubated, 
and ventilated to maintain their pH, PaCO2, and Pa02 
within physiologic limits. Each was placed in the 
supine position, instrumented with a flow directed 
thermodilution pulmonary artery catheter, a central 
arterial catheter, ECG electrodes, and an esophageal 


impedance catheter. The esophageal impedance 
catheter was fabricated of a compliant, 
biocompatible polymeric material. Two 


circumferential current and voltage electrodes were 
incorporated in the catheter and spaced such that 
the proximal and distal current electrodes were in 
the proximity of the pharynx and diaphragm whereas 
the voltage sensing eletrodes encompassed the heart. 
Between the voltage electrodes, a sound collecting 
chamber was incorporated to provide auscultatory 
placement of the catheter and for routine heart and 
breath sounds monitoring. The esophageal impedance 
zatheter was advanced until optimal heart tones 
zould be heard. Cardiac output was measured by 
zhermodilution at end expiration using 10 ml iced 
)5W (3 averaged samples). Simultaneous measurements 
3y esophageal impedance cardiography were performed 
‘4 to 6 averaged waveforms.) Specific points along 
she ECG and impedance waveforms were indentified for 
calculation of preejection period, left ventricular 
‘jection time, heart rate, and stroke volume, and 


these values were used to compute the average 
impedance cardiac output. Cardiac outputs 
determined by esophageal impedance and 
thermodilution were compared using linear regression 
analysis. 


Results. Esophageal impedance cardiography 
compares well with thermodilution in estimation of 
cardiac output. Cardiac output obtained from 
esophageal impedance cardiographic measurements 
ranged from 1.75 to 10.6 liters/minute while that 
from the thermodilution technique ranged from 1.54 
to 9.23 liters/minute. The figure shows the 
correlation between the two techniques. 


Discussion. This preliminary animal experiment 
indicates that there is an excellent correlation 
between thermodilutuion and esophageal impedance 
cardiography in estimating cardiac output. The 
esophageal impedance catheter is as easily inserted 
as a standard esophageal stethoscope and offers the 
potential for beat to beat assessment of cardiac 
function in the anesthetized patient. 


12 y = 0.873 + 1.002x R=0.96 
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Introduction. Beta-adrenoceptor blockade with 
propranolol (non-specific), metoprolol (beta-1), and 
ICI-118551 (beta-2) has been shown to céuse a delay 
in the peak plasma potassium concentration following 
the administration of succinylcholine in dogs. 22 
Alpha-adrenoceptor blockade has been demonstrated to 
increase intracellular potassium uptake in various 
clinical situations. This study was designed to 
examine the effects on plasma potassium concentration 
of combined alpha and beta blockade during succinyl- 
choline administration and the effect of a continuous 
succinylcholine infusion with and without beta 
blockade in dogs. 


Methods. Nine mongrel dogs were anesthetized 
with thiopental, 15-20 mg/kg. The trachea was 
intubated and anesthesia maintained with halothane, 
1-1.5% and nitrous oxide 60% in oxygen. Femoral 
arterial and venous lines were placed, and a 
continuous intravenous infusion of normal saline at 
6-8 cc/kg/hr begun. Ventilation was adjusted to 
maintain a pH tetween 7.34 and 7.43. At least 7 
days elapsed between studies on individual dogs. 
Each animal was studied five times. Group 1 
(control) received an intravenous bolus of 
succinylcholine (1 mg/kg). Group 2 received a 
succinylcholine bolus (1 mg/kg), followed by a 
continuous succinylcholine infusion. Group 3 was 
given an intravenous propranolol bolus “0.25 mg/kg} 
and continuous infusion of propranolol (0.042 mg/ 
kg/hr) followeé by a succinylcholine bolus (1 mg/ 
kg). Group 4 received an intravenous propranolol 
bolus and infusion, as described in Group 3, followed 
by a succinylcholine bolus and infusion as described 
in Group 2. Group 5 was given labetalol 3.75 mg/kg, 
as an IV loading dose, followed by a succinylcholine 
bolus (1 mg/kg). Arterial plasma potassium was 
measured (Nova 1) before receiving succinylcholine 
and at 1,3,5,10,15,30,45,60,75,90,105, and 120 
Minutes after the succinylcholine bolus. Each group 
contained 5 dogs. An additional two dogs in Group 2 
and one dog in Group 4 were required because of the 
development of a metabolic acidosis in three dogs, 
requiring their exclusion from the study. For 
each group, the absolute value of plasma potassium 
at each time was compared to the baseline potassium 
by two-way analysis of variance and least square 
means. In all groups, comparison of plasma 
potassium at each time interval to the corresponding 
time in the control group was accomplished by one- 
way analysis o= variance and least square means. 

P 0.05 was considered statistically significant. 


Results. The absolute plasma potassium values 
for Groups 1-5 are shown in the table. In the 
control group, succinylcholine caused a significant 
rise in potassium that peaked at three minutes and 
returned to baseline after 15 minutes. In Group 2 
the plasma potassium was significantly higher than 
baseline by 5 minutes, peaked at 30 minutes, and 

. returned to control by 45 minutes. There was no 
significant difference between potassium values at 
any time when compared to the control group. In 
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Group 3 the plasma potassium peaked at 30 minutes 
and returned to baseline levels after 45 minutes. 

The plasma potassium was significantly greater than 
the control group at 45 and 60 minutes. In Group 4 
the plasma potassium rose significantly by 3 minutes, 
peaked at 30 minutes, and returned to baseline at 

60 minutes. The plasma: potassium was significantly 
greater than control at 30,45, and 60 minutes. In 
Group 5 the rate of rise in plasma potassium was less 
than the control group. The potassium level peaked 
at 10 minutes and returned to baseline after 15 
minutes. At 3 and 5 minutes the potassium level was 
significantly less than control. 


Discussion. This study confirms the findings 
of McCammon & Stoelting: propranolol causes a 
delayed rise and results in higher peak plasma 
potassium concentrations after succinylcholine 
administration. The effects of a continuous 
infusion of succinylcholine on plasma potassium are 
most likely a result of the continuous depolarization 
of the motor endplate with subsequent potassium 
leakage. Since skeletal muscle is the largest 
reservoir for potassium uptake, beta blockade with 
propranolol magnifies the effect of a succinylcholine 
infusion as seen in Group 4. Alpha blockade in the 
presence of beta blockade markedly diminishes the 
effect of beta blockade on plasma potassium following 
succinylcholine, but does not completely abolish it. 


References. 
1. McCammon RL and Stoelting KK: Exaggerated 
increase in serum potassium following succinylcholine 
in dogs with beta blockade. Anesthesiology 1984; 
61:723-725. 
2. Goldhill DR, Martyn JAJ, Hoaglin DC: Beta- 
adrenoceptor blockade, alpha-stimulation and changes 
in plasma potassium concentration after suxamathonium 
administration in dogs. B-J Anaesth 1987; 59:611-616. 


Time I II III Iv v 
H Control SI PSB PSI SB 

a 3.68.27 3.86.18 3.91.21 3.66+.16 3.33.36 

1 4.17Ł.47 4.16¢.19 4.17%.19 4. 06¢.24 3.65Ł,43Þ 
3 4.49%,594 4.394137 4.35¢.32 4.22łŁ,25a 3.714,34D 
5 4.12Ł.37 4.48%.434 4.26¢.29 4.17Ł.288a 3.714.34 

18 4.22.39 4.47t,398 4.30Ł,23 4.24ł.11āa 3.93¢.148 
15 4.244.473 4.48%.548 4.53¢.36 4.374.128 3.844.118 


38 4.087.49 4.494.659 4.674.518 4.62¢,29a¢b 3774.2) 
45 3.93.64 3.94%.62 4.62%.779¢b4 gat goaeb 3 56t.29 
68 3.804.612 3.744.44 4.47¢.96D 4.34t.484-D 3 sgt 30 


75 3.614.248 3.58¢.36 4.19%.76 4.10¢.39 3.39.28 
98 3.82Ł.63 3.517.25 4.26Ł,78 4.94+.33 3.41Ł.27 
185 3.55,37 3.51,25 3.98.52 3,92Ł,29 3.47Ł.19 
12g 3.58.3 3.52%.26 3.93+.46 3.99%.26 3.564,3 
Table I - Absolute values of K+ after succinylcholine 


Mean -SD 
a Significantly different from baseline (P<8.85) 
b Significantly different from control group (P<@.65) 
SI = Sux Infusion PSB =Propranolol Sux Bolus 
PSI = Propranolol Sux Infusion LSB = Labetalol Sux Bolus 
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[NTRODUCTION: Controversy 2xists over the rela- 
tive influence of halothane and isoflurane on 
nyocardial ischemia. Clinical and laboratory 
jata have shown that regional ischemia may occur 
nore frequently with isoflurane, presumably 
yecause of differences in hemodynamics and colla- 
:eral coronary perfusion. It is also possible 
shey exert different metabolic influences that 
affect tolerance to ischemia. This study com- 
zares myocardial tolerance to ischemia measured 
yy prolongation of time required for development 
of cardiac rigor in the absence of collateral 
toronary circulation or wall stress. The onset 
xf rigor determined with this model corresponds 
ell with evidence of irreversible cell injury 
ind myocardial ATP depletion’. 


fETHODS: Sixteen dogs (14-25kg) were randomly 
inesthetized with either 1.8% halothane (2 MAC) 
T 2.6% isoflurane (2 MAC). They were intubated, 
atalyzed with vecuronium 0.1 mg/kg, and ven- 
:ilated with 100% 02 to maintain normocarbia. 
‘emoral artery pressure and ECG were monitored. 
ledian sternotomy was performed to expose the 
eart. - Thirty minutes after induction of 
inesthesia arterial blood samples were obtained 
‘or determination of Pa02, PaCOg, pH, hematocrit, 
erum lactate and glucose, and plasma norepi- 
ephrine and epinephrine. The heart was then 
‘apidly excised to create total ischemia. A left 
entricular slab was prepared and incubated in a 
‘ater bath to maintain a temperature of 37°C. A 
ortion of each slab was placed in a compressibi- 
ity gauge which identifies the onset of rigor by 
etecting an abrupt increase in resistance to 
issue deformation by an intermittantly applied 
ompressive force of 30mmHg?. A second suben- 
ocardial portion of each slab was instrumented 
ith a needle-tipped Millar catheter continuously 
Tansduced to measure peak myocardial tissue 
Tessure. A third portion cf each slab was used 
or intermittant tissue sampling and HPLC assay 
f high-energy nucleotide levels every 15 minutes 
ollowing cardiac excision. Comparisons of indi- 
idual parameters were made by one-way analysis 
f variance. Time-dependent declines in high- 
nergy nucleotide levels were compared by analy- 
is of variance with repeated measures of log 
evels. Results are reported as mean + standard 
eviation. 


=SULTS: There were no differences in heart 
ate, mean arterial pressure, serum glucose or 
actate, hematocrit, arterial P0O2, PCO9, pH, or 
lasma catecholamines between the two groups 
rior to cardiac excision. The time required for 
svelopment of cardiac rigor measured by the 
ompressibility gauge was significantly greater 
1 the halothane group than in the isoflurane 





group (68 + 7.2 vs 60 + 5, p <.05). The onset of 
ischemic contracture in  subendocardial slabs 
determined by time to peak tissue pressure measure- 
ment tended to be prolonged in the halothane group 
compared to isoflurane dogs (64 + 6.9 vs 57 + 6.8, 
=.08). Analysis of tissue assays of high-energy 
nucleotides revealed a decline in ATP levels over 
time of ischemia in both groups (Fig. 1). Time- 
dependent ATP levels were greater in both suben- 
docardial (p <.01) and subepicardial (p <.01) 
specimens of the halothane group compared to the 
isoflurane group. There was a progressive increase 
over time in tissue lactate levels in all dogs with 
no significant differences between groups. 
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FIGURE l: Subendocardial tissue levels of ATP as a 
function of ischemic time. There was a small but 
statistically significant trend of ATP preservation 
in the halothane group compared to the isoflurane 
group (p <.0l, analysis of variance with repeated 
measures of log ATP levels). Mean + SD. 


DISCUSSION: The data show that halothane, when 


compared to isoflurane, increases myocardial 
tolerance to total ischemia independent of effects 
on hemodynamics or collateral coronary circulation. 
Halothane probably influences cellular metabolism 
in a way that preserves high-energy nucleotide 
stores ard renders myocardial tissue less 
vulnerable to injury during complete ischemia. 
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Introduction. Clinicians continue tc be 
intrigued by the prospect of assessing cardiac 
performance from the contour of the arterial 
pressure trace. Prior to the advent of cardiac 
catheterization, numerous investigators attempted 
to derive cardiac output from the contour of the 
arterial pressure trace. 1,2 Many patients 
undergo surgery requiring arterial catheterization 
for hemodynamic monitoring. However, the use of a 
pulmonary artery catheter is not always warranted 
in these clinical situations. Under these 
circumstances tre area under the arteriai wave 
trace is often utilized as an index of cardiac 
performance. Tc date, no study has demonstrated 
the ability of the area under the arterial pressure 
trace to correléte with cardiac output as an 
indicator of myccardial function. Therefore, we 
designed a prospective study to determine whether 
the area under the arterial wave trace may be used 
as a valid method for assessing global cardiac 
function as expressed by cardiac output. 

Methods. Following approval of the Human 
Investigation Committee, twenty-two (N = 22) 
patients undergoing elective surgery, who required 
the insertion of an intra-arterial and pulmonary 
artery catheters for monitoring were studied. 
Patients who were not in sinus rhythm, who had 
hemodynamically significant valvular heart disease 
or who required an intra-arterial balloon were 
excluded. The radial artery pressure was obtained 
from a percutaneously placed 20 gauge JeTco(R) 
catheter. The catheter was connected to an 
American Edwards disposable transducer (Model 
53-DTS-260), by high pressure tubing with a 
continuous Pharmaseal'R) flush device. The 
resonant frequency and damping coefficient was 
determined for each patient study. Thermodilution 
cardiac outputs (CO) from a Swan Ganz catheter were 
obtained in triplicate with a Model 9520 Edwards 
Laboratory Cardiac Output Catheter. For each 
patient, a minimum of 3 sets of data wera 
obtained. The area under the arterial wave form 
was determined manually and verified in duplicate. 
Systemic vascular resistance (SVR) was calculated 
as MBP - MRAP/C). Data were presented as mean + 
SD. Statistical analysis performed using the 
coefficient of correlation (P 0.05) considered 
significant. 

Results. One hundred fourteen sets of data 
were collected From these 22 patients. Values for 
cardiac output ranged between 2.3-6.8 L/min (mean 
4.2 + 1.1 L/min) and the area under the arterial 
wave form ranged between 72-156 (mean 9.4 + 11.2). 
No statistically significant correlation was found 
between the area under the arterial pressure trace 
and cardiac output (r = 0.36, P = NS). 

Figure ] detonstrates two patients with similar 
cardiac outputs, but different areas uncer their 
respective pressure curves. Similarly, Figure 2 
reveals two curves with differing cardiac output 
but similar areas under the curve. 

In addition, no correlation could be shown 
between SVR and the area under the curve within 
individual patients (r = 0.26, P = NS). Further, 
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no correlation could be demonstrated between 
changes in the area under the curve and cardiac 
output (r = 0.38, P = NS). 

Discussicn. On the basis of our data, we were 
unable to detect any significant correlation 
between the area under the arterial waveform and 
the cardiac output. Even within the same patient 
changes in cardiac output were not reflected as 
changes in the area under the arterial waveform. 
Clinicians have attempted to extend the work of 
Frank who developed a model aimed at deriving 
cardiac output from the arterial pressure 
trace. 2 However, Remington et al. demonstrated 
that due to the variability of altered wave 
reflection, determination of cardiac output from 
the arterial waveform is unreliable.3 Therefore, 
on the basis of our data, caution should be 
exercised in attempting to utilize the contour of 
the arterial waveform as an indication of global 
cardiac performance. 
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Figure 1. Waveform tracing from two patients with 
similar CO. (a = 4.2 L/min, b = 4.6 L/min), but 
with differing areas. a = 82, b = 41. 





Figure 2. These patients had differing cardiac 
outputs (a = 2.6 L/min, b = 4.0 L/min), but similar 
areas under their arterial wave forms. ( a = 58, 

b = 63). 
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Introduction: The selection of an appropriately 
sized endotracheal tube (ETT) for airway management 
in pediatric patients is a critical procedure. 
Anesthesiologists and emergency room physicians 
would benefit from a system of ETT selection that 
would provide first choice accuracy. Many times 
knowledge of the child's weight and/or age is 
unavailable and in an acute emergency recall of the 
various formulae for ETT sizing is difficult. The 
current study is both retrospective and prospective. 
The retrospective aspect was to determine which 
anthropometric measurement in children [body weight 
(bw), age, body length (1), neck circumference (nc), 
fifth fingernail width (ffw), fifth finger distal 
interphalangeal joint circumference (ffdic) or 
nostril diameter (nd)] was the best predictor of 
appropriate ETT size. An appropriately sized ETT is 
defined as that ETT which has an air leak between 
20-40 cm H,0. The prospective aspect was designed 
to verify the accuracy of the "best" predictor (body 
length) which was identified in the retrospective 
study. 


Methods and Results: 


l. Retrospective Study 200 children (birth-12 years 
of age) coming for surgery were intubated with an 
uncuffed ETT until an air leak between 20-40 cmH, 0 
existed. All children had anthropometric data 
recorded as described above. Correlation 
coefficients were calculated between correct ETT 
size and all seven (7) anthropometric measurements. 
Body length had the best correlation coefficient (r) 
of 0.95 (Figure 1). The r value for bw, age, nc, 
ffw, ffdic and nd were all «< .90. 


2. Prospective Study 200 children (birth-12 years) 
coming for surgery were intubated with an ETT whose 
size was determined based on each child's body 
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length (cms). A tape measure was designed that 
could be held against each child and the ETT size 
was ream ptt directly [Pediatric Airway Management 
System’ ` *]. All 200 children were intubated with 
an appropriately sized ETT (i.e., air leak at 20-40 
cmH,0). The tape measure predicted correct ETT 
sizé in 100% of these children on first EIT size 
selection. This study had IRB approval. 





Conclusions: Body length is superior to any other 
anthropometric measurement or existing formulae in 
allowing for rapid selection of a correct ETT size 
in children. A tape measure system as described 
will allow the anesthesiologist and emergency 
physician to rapidly and reliably select the 
correct ETT for children with need for very little 
input data (i.e., bw, age, or need for formla 
recall) oa first ETT size selection. 


*PLANE III, Inc., P. O. Box 14, North Marshfield, 
Massachus2tts 02059 
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Figure 1 - Endotracheal tube size (ID) vs body 
length. 
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Introduction. Relaxation is an important deter- 
minant of diastolic filling of the ventricle, and is 
easily interfered with in early stages of heart 
disease as well as by pharmacological interventions 
(1). The purpose of this study is to assess the 
potential effects of halothane (H), enflurane (E), 
and isoflurane (I) on the time course and load- 
sensitivity of myocardial relaxation. 


Methods. Twenty-seven papillary muscles of the 
right ventricle of adult male ferrets were mounted 
in a temperature-controlled (30°C) chamber closed to 
the ambient atmosphere and that contained a physio- 
logical salt solution (mM): Nat 135; Kt 5; Ca?+ 
2.25; Mg?+ l; Cl- 103.53 HCOZ 24; HoPO?- l; S02- 1; 
acetate! 20; glucose 10, continuously bubbled with 
95% 02 - 5% CO2 (500 ml/min). Muscles were held 
between a force-length servo transducer (Innovi, 
Belgium), and a subminiature lucite clip with a 
built-in stimulation electrode (stimulus interval 4 
seconds, 10% above threshold). After stabilization, 
load-sensitivity of relaxation was determined prior, 
during, and after exposure to cumulative doses of H 
(n=9 muscles), E (n=9), and I (n=9). Anesthetic 
vapor was added to the gas mixture by means of an 
in-line vaporizer in increments of 0.25 MAC up to 
1.5 MAC of H anc E and up to 2.00 MAC of I. Vapor 
concentrations were set in the gas phase with a 
calibrated acoustic detector. Muscles contracted 
isotanically throughout with the initial muscle 
length set at Lyax. After reaching steady state at 
15 minutes in each anesthetic concentration, load- 
sensitivity of relaxation was determined from an 
isometric twitch and from a series of six after- 
load2d isotonic twitches against different after- 
loads. Force ard time coordinates at the onset of 
isomatric relaxation of afterloaded isotonic con- 
tractions relative to those of the, isometric 
twitches define a relative tine 4 ) versus force 
(3) Telationship, the slope ee of which is a 
measure of load-sensitivity (Figure 1). 


Results. Relaxation of mammalian ventricular 
cardiac muscle became less sensitive to load with H, 
E, and I in a dose-dependent reversible manner. The 
decrement of load sensitivity per unit o? MAC was 
smaller for I than for either H (p<0.001) or E 
(p<0.001) (one-way ANOVA on slopes of linear 
regressions, Figure 2). Withdrawal of anesthetic 
restored load-sensitivity of relaxation completely 
within 15 minutes. 


Discussion. The decrease in load-sensitivity of 
Telaxation with H, E, and, to a lesser extent, with 
I, was due to an abbreviation of isometric relaxa- 
tion of the isometric twitch and a prolongation of 
isotonic twitches at low loads (Figure 3). The 
faster isometric relaxation with H, E, and I is con- 
sistent with a decreased affinity of troponin C for 
Cat and/or a reduced myofibrillar responsiveness to 
Ca*+, Since less Ca2t+ remains bound to myofilaments 
after a period of shortening than after a comparable 
period of force development (2), the prolongation of 
isotonic lengthening observed at all loads below 
isometric may result from a relative inadequacy of 


calcium sequestering systems. Interference with 
normal myocardial relaxation by volatile anesthetics 
may account, at least in part, for the hindered 
diastolic filling of the intact heart (3). 

Dr. Housmans was a Parker B. Francis Investigator 
in Anesthesiology for 1986. Supported by I.A.R.S., 
Puritan-Bennett Foundation, USPHS GM36365, and Mayo 
Foundation. 
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Length (upper) and 
force (lower) traces of 
afterloaded isotonic 
and isometric twitch in 
control (C) and 1.25 
MAC of E. Force and 
length traces were 
adjusted electronically 
to the same height for 
clarity. 
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INTRODUCTION: Radial artery cannulation is a 
routine procedure in operating room and intensive 
care units for continuous monitoring of arterial 
pressure. Complications of this monitoring 
include hematoma formation, thrombosis, arterial 
laceration or dissection of the arterial intima, 
and trauma to the surrounding tissues. 

The Allen test is the most commonly employed 

test of forearm arterial perfusion, but its 
results can be difficult to interpret. 

The pulse oximeter is a noninvasive monitor that 
measures arterial hemoglobin oxygen saturation 
(Sa0,) 4 git can also be used to demonstrate blood 
flow" ~’". We evaluated pulse oximetry as a means 
to assess radial and ulnar arterial blood flow 
camparing a simple occlusion test (SOT) to the 
Allen test (AT). 

METHODS: This study was approved by the Committee 
on Research Involving Human Subjects (CORIHS) of 
the State University of New York at Stony Brook. 
Informed consent was obtained from 48 volunteers. 
Each subject then underwent three sequential 
phases of testing, for which a Nellcor pulse 
oximeter (Nellcor Corp., Hayward, CA) was used. 

In the first phase, the adult finger sensor of the 
pulse oximeter was sequentially attached to the 
thumb and to the little fincer of both hands to 
obtain baseline SaO, values and rule out a dis- 
continuous superfictal palmar arterial arch. In 
the second and third phases of testing, data 
obtained by pulse oximetry (PO) was compared to 
visual observation of palmar arterial reperfusion 
(Palmar flush (PF)) during both the simple 
occlusion test and the Allen test, respectively. 
In the second phase, the simple occlusion test was 
performed. In order to evaluate patency of the 
palmar arterial arch, pulse oximeter was applied 
to the thumb. Then radial and ulnar arteries were 
simultaneously compressed until the pulse oximeter 
(in the fast mode) monitored zero saturation, 
(usually 1-2 seconds) i.e., no arterial blood 
flow. Digital compression of the ulnar artery was 
released and the time intervals noted for return 
of the previous oximeter reading and for visual 
return of blood flow to the nand (palmar flush). 
The test was terminated if after 60 seconds 
arterial blood flow had not returned. ‘The sensor 
was then applied to the little finger of the same 
hand, but now the radial artery was released with 
notation of the same time intervals. 

In the third phase, the AT was performed bilater- 
ally using the pulse oximeter as in phase 2. The 
finger sensor was first applied to the thumb and 
the radial and ulnar arteries were digitally 
occluded. At that time, the subject repeatedly 
clenched and unclenched the Zist for approximately 
15-20 seconds, and then relaxed the hand. As soon 
as the pulse oximeter indicated an Sad, of zero, 
the ulnar artery was released. Return”of the 
previous SaO, reading and the occurrence of PF 
were timed. “The sensor was next applied to the 
little finger for a similar testing sequence of 
radial artery flow. Finally, subjects with 
positive indication of abnormal radial or ulnar 


artery blood flow were retested one week later to 
rule out a transient vasospasm. This experiment 
was similar to the third phase of testing except 
that, following arterial compression, the 
ipsilateral artery was released, e.g., the radial 
artery was released if the sensor had been applied 
to the thumb. 
All reperfusion times were categorized into 3 
groups: normal (less than or equal to 5 seconds), 
equivocal (6-15 seconds) and abnormal (greater than 
15 seconds). 
RESULTS: A total of 48 subjects, 34 men and 14 
women, were studied. Their mean age was 32.3 
years, with a range of 23-64 years. One subject 
had undercone bilateral radial artery cannulation 
twelve years before and another had a percutaneous 
arterial Flood sample taken eight months earlier. 
Two patients were known to have Raynaud's disease, 
and in a third it was suspected. 
In phase 1, baseline Sa0.. values ranged fram 94- 
100% with a mean saturation of 97.2%. 
Eight subjects with initially abnormal reperfusion 
times as measured by both PO and PF were re~ 
evaluated. Of these, two individuals again had 
abnormal reperfusion times by PO and PF, and one 
had an abnonmal PO reading but had an equivocal 
value by PF. 
In phase 2, the SOT was performed using both the 
PO and PF. Reperfusion times obtained by PO, 
ranged fron 1-10 seconds. PF reperfusion times 
ranged from 0-5 seconds. No abnormal reperfusion 
times were obtained by either test. Phase 2 
yielded a 100% correlation between PO and PF. 
In phase 3, the AT was performed using both PO and 
PF. Both ?0 and PF reperfusion times ranged from 
1-60 seconds. PO revealed 3 hands with abnormal 
reperfusion times, whereas observation of palmar 
flush yielded abnormal reperfusion times in 2 hands 
(2%). Linear regression analysis shows excellent 
correlation (r=0.94) between PO and PF as 
determinanzs of normal and equivocal palmar 
reperfusion times when considered as one group. 
DISCUSSION: The predictability of an abnormal 
reperfusion time based on pretesting history was 
very low. The two patients who had abnormal AT 
results had negative histories. Only one of the two 
subjects with known vasospastic disease (Raynaud's) 
revealed abnormal ulnar flow upon initial testing, 
and a repeat Allen test, after several days of 
avoiding consumption of coffee and exposure to cold, 
was normal. This study allows two conclusions. 
The simple occlusion test yields similar informa- 
tion as does the Allen test and does not require 
the subject's cooperation in clenching and un- 
clenching his fist. It can then be used when the 
patient is anesthetized or severely ill. Further, 
pulse oximetry whether combinsd with the Allen test 
or the simple occulusion test has the distinct 
advantage of providing objective data. 
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Introduction. In cardiac surgical patients 
who do not have optimum intravascular volume, 
narcotic induction, though not. affecting. the 
myocardium directly, can reduce blood pressure. 
The presence of a high sympathetic tone prior to 
surgery may mask a decreased venous capacitance. 


Nitroglycerine in the lower dose ranges may, by 


dilating venous reservoirs , be provocative in 
revealing decreased intravascular volume. Echo- 
cardiography is a direct method of estimating left 
ventricular volune. This investigation studied if 
a prevolume loading test with NTG could establish 
decreased intravascular , volume and if volume 
loading prior to induction could maintain left 
ventricular end diastolic diameter (LVEDD) and 
blood pressure. 


' Methods. Following institutional approval, 
informed written consent were obtained from 8 
patients undergoing elective coronary artery bypass 
graft surgery with ejection fractions greater than 
50% having no valvular involvement. All patients 
- received their usual cardiac medications along with 
lorazepam 0.04 mg/kg and morphine 0.1 mg/kg as 
premedication. A radial artery catheter was used 
to follow blood pressure changes. Pulmonary 
capillary wedge pressure (PCWP), cardiac output 
(CO), and central venous pressure (CVP) were 
measured using a pulmonary artery catheter inserted 
through the right internal jugular vein. The M- 
mode ultrasound data were obtained using a 2.25 MHz 
medium focused transducer placed at the lower left 
sternal border and recording the short axis area at 
the level of the mitral valve leaflet tips at end 
exhalation. LVEDD was measured from three 
consecutive sirus-conducted heart beats, and 
converted to volumes. Patients were randomly 


assigned to receive either 2 ml/kg (group 1), or 12- 


ml/kg (group 2) preinduction hydration of 0.9% 
sodium chloride over a 20 minute period. Baseline 
hemodynamic variables were recorded immediately 
after insertion of the pulmonary catheter. 
Echocardiographic and hemodynamic measurements were 
recorded before hydration, 5 minutes after the 
start of NIG infusion, and at narcotic induction, 
follcwing a stabilization period 20 minutes without 
` NTG. A venodilating dose of NTG (1 mcg/kg/min) was 
infused following preinduction hydration. 
Induction of anesthesia was with fentanyl (F) 50 
meg/kg, and a combination of 0.05 mg/kg of 
pancuronium and 0.05 mg/kg vecuronium. 


Results. There was no significant difference 
in baseline hemodynamic measurements. After NIG 
was administered, the mean arterial pressure, PCWP, 
and LVEDD were significantly less in the 2 ml/kg 
volume administered group compared to the 12 ml/kg 
volume group. After fentanyl induction the 2 ml/kg 
group decreased MAP, LVEDD, and PCWP significantly 
from baseline and compared to the 12 ml/kg group. 


Discussion. Our investigation shows a 
beneficial effect from 12 ml/kg preinduction volume 
infusion prior to narcotic induction. It maintains 
left ventricular end diastolic volume (LVEDV) and 
blood pressure following narcotic induction. Group 
1 (2 ml/kg hydration) experienced a reduction in 
blood pressure during induction previously having 
responded with decreased LVEDV following a 
provocative low dose NIG test that unmasked 
decreased venous capacitance. Group 2 (12 ml/kg 
preinduction hydration) experienced increased LVEDV 
during NIG infusion and had stable blood pressure 
during induction. Relying on simple Swan-Ganz 
readings to predict a patient's fluid status may be 
erroneous at a time of high sympathetic tone prior 
to induction. Provocative testing with 
nitroglycerine may reveal a decreased PCWP in 
response to a dilated venous. capacitance, This 
change correlates to a decreased LVEDD also found 
after NIG. Determination of LVEDV following a 
provocative NIG infusion is effective in predicting 
preload administration in cardiac surgical 
patients, maintaining hemodynamic stability during 
marcotic induction. i 
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Introduction. In patients who have high 
pulmonary artery pressures, the possibility of 
vasodilation and improvement of right ventricular 
(RV) function is desirable. Serial monitoring of 
RV function by thermodilution using a pulmonary 
artery catheter with a fast response thermistor and 
rapid calculation of RVEF has become feasible. 
Nitroglycerine, though not the most- potent 
pulmonary vasodilator, is a safe choice in patients 
undergoing cardiac surgery. The results presented 
were gathered from 6 patients undergoing cardiac 
surgery who had an Edwards right ventricular 
ejection fraction (REF,) catheter placed because of 
preoperatively ratsed “pulmonary artery pressures. 
Institutional approval for retrospective analysis 


of data was granted. Five of the patients were for 


mitral valve replacement. One of whom had 
tricuspid and aortic valve replacement as well and 
one was for coronary artery bypass grafting. 


Methods. A radial artery cannula, two 14 
gauge IV and the REF, Edwards catheter were placed 
prior to induction: Induction of anesthesia 
consisted of fentanyl 25-40 ug/kg» vecuronium 10 
mg» and pancuronium 1-3 mg. Maintenance was by 
fentany1 infusion 0-5 ug/kg/min up to 
cardiopulmonary bypass (CPB). Nitroglycerine 
infusion (concentration 200 ug/ml) was given in 
increments of 10 ug/min until the pulmonary artery 
pressures started to decline. Hemodynamics were 
continuously recorded.. At each incremental change 
of 20-30 ug/kg of nitroglycerine CO was measured in 
triplicate and the RVEF was computed by the RVEF 
computer. The rate of administration of 
aitroglycerine was compared to the PAP, REF, CO, 
and blood pressure, The same procedure was 
Followed at induction, sternotomy, post bypass, and 
dost-protamine administration. 


Results. The REF and CO readings were variable 
jut changed in the same direction and did correlate 
vith reduction in the PAP. Nitroglycerine 
administration reduced the high pulmonary artery 
oressures in most cases though the reductions were 
wot always remarkable. There was an optimal dosage 
of nitroglycerine which caused a reduction of PAP 
ind rise of EF with a stable CO and blood pressure. 
sontinued increasing dosage of NTG decreased EF, 
2, and blood pressure. Measurements are presented 
1s simple means for each variable and plots of the 
important parameters in relation to the change are 
shown in figures 1, 2» 3, and 4. 


Discussion. The measurement and nitroglycerine 
administration were performed at various stages of 
cardiac surgery and the events are not equally 
comparable. Before CPB the response of the PAP and 
EF to NTG were predictable. Post-CPB, however, the 
various actions of protamine varied the responses. 
Titration of nitroglycerine was in response to 
various high PA pressures and varied from patient 
to patient. The REF did prove useful in conjunction 
with normally recorded hemodynamic parameters, 
informing the anesthesiologist when the limit of 
improvement in REF had been reached. Increasing 
vasodilator therapy beyond a certain point caused a 
deteriorating blood pressure and CO and a decline 
in REF due to (a decrease in) both preload and 
afterload reduction. 
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Introduction. Alphaprodine (Nisentil) is a 
synthetic opiate agonist which has been used as an 
analgesics for 40 years. It was used extensively 
in obstetrical pazients (1) until respiratory de- 
pression in mother and fetus were reported (2). 
However, alphaprodine administered during labor did 
not cause any adverse effects on the neonate (3). 
This study was undertaken to investigate 1.) the 
cardicvascular and respiratory effects of alphapro- 
dine cn mother and fetus in the sheep/ model 2.) 
placental transfer & pharmacokinetics’. 


Methods. Eight pregnant ewes (40-50 kg) at 
120-125 days gestation were instrumented with 
maternal femoral artery and vein catheters, a flow 
probe on the middle uterine artery, and a fetal 
carotid artery catheter. After 5 days recovery, the 
ewes received alphaprodine, 3 mg/kg, intravenously 
over 1 min. Maternal and fetal hemodynamics were 
monitored before and for 4 hours after drug admin- 
istration. Uterine blood flow was measured contin- 
uously with a Dienco flowmeter. Arterial blood 
gases were drawn immediately before and 5, 10, 15, 
30, 45, 60, 120, 180, and 240 min after drug admin- 
istration. At least 3 days after the hemodynamic 
study, placental <ransfer of alphaprodine (3 mg/kg) 
was determined in each sheep. Blood samples were 
drawn simultaneously from maternal femoral and fetal 
carotid artery catheters at before and 1, 2, 5, 10, 
15, 30, 60, 90, 120, 180 and 240 min after drug 
injection. Blood levels were determined by gas- 
liquid chromatography(4). Statistical analysis was 
done by analysis of variance for repeated measure- 
ments with Bonfer-oni t-test, accepting p< 0.05 as 
significant. 


Results. Maternal HR increased to 26% above 
contro] 5 min after drug injection. There was -no 
significant change thereafter. Maternal mean BP 
increased 16% at 5 min post-injection and remained 
significantly above control until 15 min after in- 
jection. Uterine blood flow decreased by 13% at 5 
min. and remained significantly below contro] until 
90 min post-injection. Fetal mean BP and HR in- 
creased by 14% and 5.9% respectively, at 5 min and 
there was no significant change thereafter. Mater- 
nal and fetal blood gases did not change signifi- 
cantly. Result of placental transfer was shown in 
the figure. The 1ighest blood levels of alphapro- 
dine were found at 1 min after injection (maternal: 
3.25 + 0.63; fetal: 0.69 + 0.08 ug/ml). These 
levels fell below the sensitivity of assy (0.05 ug/ 
ml) after 120 min. The fetal/maternal ratio was 
0.21 at 1 min, 0.53 at 2 min post-injection and 0.9 
at 5 min post-injaction. It remained near unity 
thereafter. The results of pharmacokinetics will be 
published later. 


Discussion. A large dose of alphaprodine was 
chosen for this study to facilitate measurement of 
maternal and fetal blood levels. This dose of 
alphaprodine caused a significant increase in mater- 
nal HR and BP, possibly secondary to the vagolytic 
effect of phenylpiperidine opiates. The increase 
in fetal HR and BP may also be explained by this 
mechanism since the drug readily crossed the pla- 
centa. The change in fetal hemodynamics was unlike- 
ly due to the small drop in uterine blood flow since 
the fetal blood gases did not reveal any compromise 
of fetal well-being. 


References. 


1. William MK. The results of nisentil in 1000 
obstetrical cases. Am J Obs & Gyn May 1953; 65: 
1020-26. 

2. Miller FC, Mueller E, McCart D. Maternal and 
fetal response to alphaprodine during labor. J 
Reprod Med 1982; 27:439-42. 

3. Murakawa K, Abboud T, Yangi T. Neonatal response 
to Alphaprodine administered during labor. Aneth. 
Analg 1986; 65:392-4. 

4. Fung DL, Asing JH, Eisele JH, Martucci R. A 
Comparison of alphaprodine and meperidine pharmaco- 
kinetics. J Clinical Pharmacology 1980 Jan 37-41. 





3.5 
L 
3 
c 
A 2.5 
LN 
H £ 2 o MOTHER 
BN 
T 
RR 1.5 = FETUS 
Df 
ni aj) 
EQ a 
N mN 
@.5 E 
Cug/ml> ie eee 
G = 
re 20 4a 6G 80 108 124 


MINUTES AFTER INJECTION 


gag ANESTH ANALG 
1988;67:S1-S266 


ABSTRACTS 


Title: HYPERGLYCEMIA IN THE PEDIATRIC PATIENT JEDERGOING HYPOTHERMIC CARDIOPULMONARY BYPASS 


Authors: C Hughes, K.D., C Bell, M.D., und TH Ob. i4.D. 


Affiliation: Department of Anesthesiology, Yale Ua-versity Schcol of Medicine, Yale-New Haven Hospital, 


New Haven, CT 06510 


Introduction. Hyperglycemia is a well 
recognized problem in the pediatric patient 
undergoing surgery, and is attributed to the stress 
of surgery itself. ! However, children undergoing 
cardiopulmonary bypass present a special problem, 
since deep hypothermia will abolish the insulin 
response to a glucose Joad and result in a failure 
to metabolize glucose.2»3 Therefore, not only is 
more glucose elaborated, but there is an inability 
to utilize it. It has been our observation that 
children are hyperglycemic in the postoperative 
period following cardiopulmonary bypass despite 
prolonged fasting and high metabolic demands. 
Glucose containing solutions are routinely infused 
intraoperatively to reduce protein catabolism 
during starvation and limit fat metabolism. Given 
our understanding of the effects of deep 
hypothermia on cellular metabolism, it is unclear 
if glucose infusions are warranted. We have 
assessed the significance of postoperative 
hyperglycemia and ascertained the amounts of 
intraoperative glucose received by children 
undergoing cardiopulmonary bypass at our 
institution 

Methods. A retrospective review of 25 
non-diabetic children undergoing cardiopulmonary 
bypass with deep hypothermia was performed. 
Institutional approval as obtained. The average 
age of the children was 3-1/2 years. (3 weeks-13 
years). Anesthetic technique and agents varied 
according to the anesthesiologist, with none of the 
children receiving high dose narcotics. 
Maintenance IV of D5LR were calculated based upon 
the child's weight and fluid deficit. 
Additional-bolus IV fluids and blood products had 
been administered according to hemodynamic 
diameters and laboratory values for hematocrit, 
electrolytes and arterial blood gases. The total 
amount of fluids administered were recorded and 
from this the amount of glucose was calculated in 
mgm/kg/min that was received intraoperatively. 
Values for serum glucose were recorded for the 
following times: 1) preoperative baseline as a 
control, 2) in the immediate postoperative period 
upon arrival in the Pediatric Intensive Care Unit, 
and 3) the following morning of the first 
postoperative day at 6:00 a.m. 

Results. A total of 2& charts were reviewed. 
The average duration of anesthesia was 6 hours, 20 
minutes. The mean preoperative glucose of 91.1 
mgm/d1 was found to rise to 237 mgm/dl, with a 
range of 112-476 mgm/d1 (p .005). The following 
morning the serum glucose was found to return to 
near normal preoperative values with a mean of 111 
mgm/d1. 

The total amount of glucose administered was 
found to be an average of (.486 mgm/kg/min. The 
range of glucose administered spanned from 0.15 
mgm/kg/min to 0.98 mgm/kg/min. 

Discussion. Tolerance to prolonged starvation 
in children, as occurs in the perioperative period, 
is very limited. Firstly, they do not have the fat 
reserves that adults have for energy utilization. 
Secondly, the caloric requirements in young 
children are higher, with ranges of 80-140 


keal/kg,/day described. Thirdly, the ability to 
utilize glucose as a non-protein energy source 
appears to be higher in children (probably because 
of smaller fat/energy stores). Recent work, using 
radio-isotope labeled glucose showed the direct 
amount glucose oxidized by the average adult to be 
3-4 mgm,kg/min, while a premature infant utilizes 
up to 7_mgm/kg/min of glucose as the sole source of 
energy. 

Based upon the recommendation that 
approximately 80-140 kcal/kg/day (1.4 mg - 2.4 
mg/kg/min) be provided to support metabolism and 
prevent ketosis, it is clear that we routinely 
administer glucose well below these suggested 
guidelines (mean 0.486 mgm glucose/kg/min). 
Despite receiving far less than prescribed, these 
children were still hyperglycemic postoperatively 
(Figure 1). 

Previous evidence indicates that protein 
sparing is not achieved by intraoperative glucose 
infusion.® Our data suggest that over wide 
ranges cf glucose infusions, there is no 
correlation with postoperative hyperglycemia and 
anount cf glucose infused. Future studies are 
needed to explore methods of increasing glucose 
utilization to control hyperglycemia 
intraoperatively, such as monitored insulin 
infusions, since regulation of glucose containing 
fluids eppears to be ineffective at achieving this 
goal. 
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Introduction. The desire to have a natural, drug-free 
delivery has become increasingly popular during the last two 
decades. However, the majority of deliveries are supplemented 
with a variety of analgesic drugs and regional anesthetic 
techniques, none of which are totally risk-free. Transcutaneous 
electrical nerve stimulation (TENS) has been used to reduce pain 
by activating physiologic mechanisms which promote analgesia." 
The purpose of this study was to determine if TENS is effective 
in relieving the pain of labor and to evaluate maternal and fetal 
safety, and neonatal well-being. 


Methods. We studied 89 unpremedicated healthy 
parturients at 37 to 42 weeks gestation who were in active labor 
with a vertex presentation and cervical dilatation of < 5 cm. 
Patients with fetal distress, history of narcotic drug abuse, 
narcotic analgesia prior to entry into the study, previous use of 
TENS for pain relief, or significant medical problems were not 
studied. We obtained approval from the Committee on Human 
Research and informed consent. Patients were randomly 
assigned to one of three groups: functioning TENS device 
(TENZCARE®) (n=29); placebo TENS device (n=30); and a 
control group who received only conventional obstetric 
medications as needed (n=30). Patient selection was also 
blocked for parity. The patients were told that the use of the 
stimulator may not provide adequate analgesia and that 
conventional medications (narcotics, epidural analgesia) were 
available. Uterine activity, fetal heart rate, and fetal heart rate 
variability were moniiored. The patient represented the intensity 
of pain by marking a visual analogue scale and the patient and 
the obstetric nurse assessed the patient's pain relief using a 5 
point category rank scale. The condition of the infant was 
evaluated using Apgar scores, TSR, umbilical cord gas values, 
and the Neurologic and Adaptive Capacity Score at 0.25, 2, and 
24 hours after birth. Data were analyzed using ANOV, chi- 
square, and the Fisher exact test. Values are presented as mean 
+ SE. A p value of <0.05 was considered statistically 
significant. 


Results. Patients were comparable in age, height, 
weight, weeks of gestation, cervical dilatation at the time of 
entry in the study, and incidence of oxytocin augmentation of 
labor. There was no significant difference between groups in 
the percent of patients receiving epidural or narcotic analgesia for 
labor and delivery (figure). While more patients in the control 
primiparous group received intramuscular narcotics (8/15, mean 
96.3mg + 29.9 meperidine equivalent) than the primiparous 
group receiving the active TENS device (3/14, mean 41.7mg + 
10.1), this was not statistically significant. However, based on 
the patients’ assessment, 93% of the patients using a functioning 
TENS device vs 62% of patients with the placebo TENS device 
achieved good to excellent pain relief during labor with the 
TENS device (P<0.C'1). Based on the nurse's assessment, 81% 
(TENS) and 43% (placebo TENS) of patients had good to 
excellent analgesia (P<0.01). Of the patients who had the active 
TENS device, 93% said that they would use this again compared 
with 59% of patients in the placebo TENS group (P<0.01). 


Electrical interference with the FHR monitor was a problem in 
one patient. Decreasing the amplitude or turning the device off 
allowed the FHR monitor to record a clean tracing. Review of 
the umbilical cord gas values, NACS, Apgar scores, and TSR 
revealed no significant differences between groups. 


Discussion. Patients using a functioning TENS device 
had significantly more pain relief than those using a placebo 
device as judged by the category rank scale. The placebo effect, 
however, was greater than is commonly reported. While the 
differences in the use of narcotics was not significantly different, 
as has been previously reported?, the data in the primiparous 
group suggested less use of narcotics and smaller doses when 
used. The electrical interference with the FHR monitor had no 
effect upon the fetus but could be a problem if there was any 
question concerning the fetal status and minute to minute 
observation of the FHR tracing was required. The TENS device 
would then have to be turned off and and the pain relief may be 
less effective without continuous stimulation. The use of the 
TENS device had no adverse effect upon the newborn. There 
was a high degree of maternal acceptance with this technique 
despite the lack of differences in more objective measures such 
as epidural and narcotic use. The use of TENS appears to 
provide some analgesia for labor, may decrease narcotic 
requirements, and be a useful alternative for analgesia during 
labor. It may prove to be a good first choice in patients seeking 
less intervention in labor and delivery. 
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Introduction. Preoperative hemodilution has re- 
gained interest since it minimizes the use of banked 
blood, reduces the risk of blood transmitted diseases 
as well as improving microcirculation at the tissue 
level.* Attempting to determine the best diluent, we 
have compared the hemodynamic effects of using either 
a colloid or a crystalloid fluid as replacement of 
the blood removed. 

Methods. Our study of transoperative hemodilu- 
tion comprised 64 patients undergoing major elective 
operations with an estimated prediction of blood 
loss from 500-1500 mls. The following parameters 
were registered: EKG, heart rate (HR), mean arterial 
blood pressure (MABP), systolic (SBP) and diastolic 
(DBP) blood pressures, hemoglobin (Hb), hematocrit 
(Hct), bleeding profile and arterial blood gases. The 
volume of diluent, blood extracted and losses during 
surgery, were also registered. The hemodiluents were 
randomly assigned to each patient; 32 patients re- 
ceived Lactated Ringer's (L-R) and 32 others were 
given Dextran 40 (Dx40). After anesthetic induction 
using neuroleptoanalgesia, blood was drawn by gravity 
and simultanecusly replaced with (Group I) L-R (in a 
proportion of 2:1) or Dx40 (Group II) (in a propor- 
tion of 1:1) (Table 1). The amount of blood to be 
drawn was calculated by the formula proposed by Bourke 
and Smith. The blood was kept in bags with an anti- 
coagulant and mixed frequently. The patient's blood 
was retransfused soon after the phase of major blood 
loss was completed and hemodynamic parameters were 
then obtained before the end of surgery and again in 
the PAR area. 

Results. The average amount of blood removed 
from Group I patients was 865(+284) ml and for Group 
II 961(4304) ml, over a period of 8-12 minutes. Most 
parameters studied, returned to normal after the re- 
infusion of the patient's own blood. Changes of Hct, 
MABP, HR, SBP and DBP were similar and without stati- 
stically significant differences in either group. 
However, CVP values at the end of the hemodilution 
(HMD), and 20 minutes later, were statistically signi- 
ficantly greater (p<0.01) in the L-R treated group. 
Of interest was the incidence of transoperative hypo- 
tension and postoperative pulmonary morbidity in the 
group of patients diluted with L-R (Table 2). 

Discussion. Since in HMD, cardiac output compen- 
satorily rises as blood viscosity and peripheral 
vascular resistance fall’, the selection of the hemo- 
diluent is crucial. For these physiologic changes to 
happen before surgery, one must maintain a normal 
circulating volume. In this study, Dx40 seemed to 
cause less transoperative and postoperative morbidi- 
ties. Colloids have the advantage of superior 





intravascular retention resulting in a smaller volume 
requirement for HMD. On the other hand, because of 
greater extravascular redistribution, volumes of cry- 
stalloid used considerably exceeded the amount of 
blood removed. This difference may be the cause of 
the pulmonary complications noted in the postopera- 
tive phase. Be that as it may, preoperative 
hemodilution associated with reinfusion of autologous 
blood is an inexpensive and safe procedure, and also 
considered easy to perform while avoiding the dangers 
from diseases acquired by donated blood (i.e. AIDS, 
hepatitis, syphilis, Chagas' disease, etc.) 
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TABLE 1. REMODILUTION STUDY OF DESTRAN 40 VS LACTATED RINGERS 
NO. DF BLEEDING EST. BLOOD MEAN VOLUME 
PATIENTS (ml) LOSS(ml) SURGICAL OF DILUENT 
9x40 32 450-1450 + 840 910 + 486 950 ml + 438 
LR 32 520-1300 + 780 820 + 394 






1800ml + 372 





TABLE 2 
TRANSOPERATIVE POSTOPERATIVE | 
MORBIDITY MORBIDITY 





Het < 25% 1(3) 


Het < 25% °1(1.6) 





Het < 258 Het 25% 
Hypertension Hypertension 
Hypotension Atelectasis 
Tachycardia Pneumonia 
Thrombosis 2{6) 
Pulmonary 1(3) 
Edema 





( ) Numkers in parenthesis represent percentages. 
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Inzroduction. Anesthetic induction jis an 
extremely dynamic physiological event. The 
“induction effect", with any anesthetic drug, is most 
often described or evaluated by a number of 
cardiovascular anc respiratory variables. Since the 
major target orgar of anesthetic drugs is the brain, 
an adequate definition of induction with any 
anesthetic drug should also include cerebral 
function, 

Interest in neurophysiological monitoring during 
anesthesia is as old as the history of EEG recording 
itself. Currently, computerized EEG analysis and 
display by on-lin2, commercially-available and user- 
friendly devices have provided two major advantages 
over conventional methods: 1) enhanced and trans- 
formed visual displays of the raw EEG for easy 
interpretation (Figure 1.), and 2) processing and 
storage of raw and computer-transformed EEG for 
further statistical processing (Figure 2.). 

The purpose of this study was to describe 
quantitatively, using computer-processed EEG, the 
induction effect observed with high-dose opioid 
anesthesia in cardiac patients. 

Methods. All patients were ASA Class III - V 
(age: 29 - 70 yrs old; X = 57) and institutionally- 
approved, individial informed consent was obtained (n 
= 12, CABG; n = 5, valve replacements). All patients 
were premedicated with diazepam (0.15 mg/kg orally), 
morphine sulfate (0.1 mg/kg, IM), and scopolamine 
(0.005 mg/kg, IM) 2 hours prior to anesthetic 
induction. Anesthetic induction and paralysis were 
achieved by 30 - 50 pg/kg of fentanyl, and 3 mg/ 14 
mg of pancuronium/metocurine, respectively. 

Induction was assessed by changes in the EEG 
using the SRD Cerebro-Trac 2500 (Atede, Inc., 
Peekskill, NY). This brain monitor generated two 
channels of both trended and digital displays for: 1) 
“real-time” analog EEG (range, 0-30 Hz: amp, 0-200 
HV) for the left and right cortical hemispheres, and 
2) fast Fourier-transformed EEG displayed as a dot- 
density modulated spectral array (DSA) and spectral 
edge frequency (SEF, defined as the frequency below 
whick 95% of the brain power is contained; Figure 
l.e). In addition, other physiological variables 
(e.g., frontalis EMG, HR, BP, Sa0,, and PETCO,) were 
measured and displayed concurrently with the" neural 
data in trended and digital format. Measurements for 
all cardiovascular and neural variables were taken 
before induction and immediately after induction but 
before intubation. 

Results. For each cortical hemisphere, paired 
t-tests yielded highly significant results between 
the preinductior, premedicated baseline measures for 
SEF and EEG amplitude as compared with the immediate 
postinduction values. In particular, the SEF for 
each hemisphere was significantly decreased 
(preinduction: L = 21.9 Hz, R = 21.8 Hz; 
postinduction: L = 5.4 Hz, R = 5.2 Hz; for the L 
hemisphere, p < 0.00005, and for the R hemisphere, p 
< 0.00005) following induction, while EEG amplitude 
was significantly increased for each hemisphere 
(preinduction: L = 16.2 uV, R = 15.6 uV; post- 
induction: L = 31.7 mV, R = 30.2 uyV; for the L 
hemisphere, p < 0.00005, and for the R hemisphere, 

p < 0.00005; Figure 2.). 





Figure 1. shows this induction effect as reflected in 
a "snapshot" of the EEG and other trended physi- 
ological variables generated by the brain monitor. 

Discussion. Neurophysiological monitoring 
during major surgery has become an essential element 
in the reportoire of the anesthesiologist. In 
particular, the EEG can be easily quantified and 
displayed by high-technology brain monitors for rapid 
on-line interpretation. For the first time, the 
anesthesiologist can “picture” the global 
physiological effects of anesthesia as the induction 
effect we describe here dramatically illustrates, In 
conclusion, the EEG changes with high-dose fentanyl 
were qualitatively characterized by a symmetrical: 1) 
decrease in SEF, 2) increase in amplitude and 3) 
development of a prominent delta band for the left 
and right cortical hemispheres. 
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Figure 1. "Snapshot" of the induction effect 
generated by the brain monitor. 
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Figure 2. The effects of high-dose fentanyl on 
spectral edge frequency and amplitude of the EEG. 
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Introduction. There is a paucity of 
systematically documented information about the 
analgetic properties, optimum dose and adverse 
effects of intrathecal morphine, particularly in 
elderly and frail patients. Consequently we 
studied a range of doses and compared the analgetic 
and adverse effects with a controlled group of 
subjects who received no intradural opioid. 

Methods. Thirty-three patients scheduled for | 
total knee or hip replacement were included in this 
study after giving informed consent and 
institutional approval was obtained. They were 
divided into 4 groups - Morphine 0mg,(n=10), 0.3mg 
(n=10), Img (n=10), and 2.5mg (n=3). The 
injectate was made up to a volume of 2.5ml with 
sterile water, and instilled intrathecally at the 
end of the surgical procedure. The subjects were 
randomly assigned to a treatment group and the 
drugs were administered in a double-blind manner. 
No premedication was given and systemic opioids 
were withheld until requested or deemed necessary 
in the postoperative period. Assessments were 
conducted by an investigator who was unaware of the 
constituents of the subarachnoid injection. They 
commenced 1 hour after the subarachnoid injection 
and continued for a minimun of 24 hours or longer 
until the effects of the morphine had receded. The 
observations comprised an analysis of pain and/or 
analgetic effect using a rank pain score system and 
numerical pain rating system out of 10. Adverse 
effects such as nausea, vomiting, urinary retention 
and reduction in respiratory rate (f) were sought. 
Repeated arterial blood gas measurements were done 
on 28 patients. Supplementary morphine analgesia 
was initially administered intravenously as 
requested and/or required ky the patient. 
Thereafter intramuscular morphine was given. 
Statistical analyses were performed using the 
Kruskal-Wallis and Fisher exact probability tests. 

Results. Intrathecal morphine provided 
profound, prolonged analgesia with all the doses 
tested. This was a significant improvement on the 
Omg group (p<0.05) (Table 1). The Img and 2.5mg 
categories performed best. Although 0.3mg also 
provided good pain relief, it was unable to deliver 
prolonged analgesia in 3 patients (30%), who 
required supplementary analgesia 2.5-5 hours after 
the intrathecal injection. The median duration of 
analgesia was markedly increased following 
intradural morphine administration with all the 
doses used (p<0.05). The amount of additional 
morphine required in the 24 hours after the 
intrathecal injection was substantially less in the 
treatment categories than in the control group 
(Omg) (p<0.05). Clinically apparent respiratory 
depression (£<10) and Paco,>50mmig were common 


After apnea occurred in 3 patients, their sealed 
envelopes, containing the morphine dose 
information, were opened. It was discovered that, 
in each subject, 2.5mg had been given. 

Consequently this dose was discontinued. 


after Img and 2.5mg, with the latter dose causing 
severe ventilatory inhibition requiring high dose 
naloxone therapy in 3 consecutive cases. Pruritus 
and urinary retention were frequently encountered. 
The incidence of nausea and vomiting was high in 
all groups. The results of the time to 
supplemental analgesia (T-supplement), dose of 
supplementary morphine in the first 24 hours, and 
side effects are shown in Tables 2, 3, and 4. 
Discussion. Low dose intrathecal morphine 
(0.3mg) was associated with inconsistent duration 
of analgesia and irritating side effects. Larger 
amounts (Img and 2.5mg) provided excellent 
analgesia, but were accompanied by a high incidence 
of respiratory depression. The best dose probably 
lies between 0.3mg and Img, and should provide 
superior prolonged pain relief, free from adverse 
ventilatory effects. It would, however, be 
associated with irritating adverse effects. 


~ 


v 


Table 1. Intrathecal morphine. Međian pain score 
(scale 0 to 10). 


Hrs after Omg 0.3mg Img 2.5mg 
opioid inj n=10 n=10 n=10 n=3 

1 5 0 0 3 

2 6 0 0 0 

3 5 0 0 0 

4 3 0 0 0 

5 3 1 0 0 

6 5 0 1 0 

8 5 0 0 0 

10 5.5 0 0.5 0 

12 5 0 0 0 

16 3.5 0 0 0 

20 3 2 1 0 
Table 2. T-supplement (hours) 

É Omg 0.3mg Img 2.5mg 
Median 1.25 21.25 29 38 ia 
Range (1.25-2.5) (2.5-36) (23-32) (26-50) 
Table 3. Supplementary morphine dose (mg) in first 

24 hours 

Omg 0.3mg Img 2.5mg 
Median 45 5 0 0 
Range (10-96) (0-26 ) (0-10) (0) 
Table 4. Adverse effects 

Om 0.3m 1m 2.5m 
Pruritus 0/10 9/10 10/10 1/3 
Nausea/ 
Vomiting 6/10 5/10 10/10 2/3 
£<10 breaths 

per minute 0/10 1/10 6/10 43/3 

Paco, >5OmmHg 0/8 1/8 6/9 1/3 
Urinary 


-4 


Retention Re- 

quring Cath- 

eterization 5/9 5/6 7/1 2 
These subjects were stimulated by verbal arousal 

and naloxone infusion. 


ABSTRACTS ANESTH ANALG $103 
1988;67:S1-S266 
Title: ANESTHETIC MANAGEMENT OF NON-IMMERSION-ESWL: A RETROSPECTIVE ANALYSIS OF 587 CONSECUTIVE CASES 
Authors: J.-P. Jantzen, M.D., P.K. Witton, M.D., D.M. Wilbert, M.D.*, H.A.T. Hein, M.D., 
and W.F. Dick, M.D., Ph.D. 
Affiliation: Departments of Anaesthesiology and Urology*, Johannes Gutenberg University, 


D - 6500 Mainz, FRG 


Introduction. Immersion-extracorporeal-shock 
wave Tithotripsy (I-ESWL) has disadvantages (1), 
including compromise of .cardiocirculatory and 
pulmonary function caused by immersion, limited 
access to the patient hampering CPR, and a fixed 
size of patient support that excludes small 
children and morbidly obese adults from treatment. 
We report first experiences with a lithotriptor 
that does not require immersion of the patient 
(NI-ESWL). 


Methods. The Lithostar ™ (Siemens, FRG) is 
a multifunctional urological table which utilizes 
a new mode of shock waves generated along with 
local coupling to the patient (2). It is in use 
at Mainz University Clinics since March 1986. 
Shocx waves are generated electromagnetically and 
applied to the patient via a silicone coupling 
head. Shock waves may be triggered by respiration 
and/or by the EKG-R-Wave. Anesthetic management 
included local infiltration (LI), regional 
techniques (epicural block (EDB), subarachnoid 
block (SAB), secation (S) and general anesthesia 
(GA) along with monitoring of EKG, blood pressure 
(oscillometry) end Sa0, (pulse oximetry). Charts 
were reviewed for patiént data, anesthetic 
management and complications. 


Results. From March to December 1985, 587 
NI-ESWL procedures were performed in 528 patients 
(ASA I-IV). These included 121 upper and distal 
uretral stones and 16 children (age 2 - 12 y). 
Pre-ESWL endourological procedures were performed 
in 179 cases. GA was given in 10 %, EDB/SAB in 
45 %/1 % and LI with or without S in 44 %. S was 
provided by narcotics alone (78 %) or in combination 
with a spasmolyzic (13 %) or by other combinations. 
This usually provided sufficient analgesia for 
stone fragmentation but occasionally produced 
transient hypoxygenation. Intraoperative 
hypertension occured in 9 % (EDB) and 21 % (LI/S) 
and was treated with intravenous analgesics or an 
antihypertensiv2 (urapidil). At a fixed rate of 
100 shockwaves Der minute, triggered by respiration, 
arrhythmias occured in 14 % of applications. Out 
of those, 6 % raquired initiation of R-wave- 
triggering. With this mode, arrhythmias were seen 
in only 2 patient. 


Discussion. Non-Immersion-ESWL is more 
convenient, versatile and economic than 
conventional ESWL, with a similar rate of stone 
disintegration. Free access to the patient and 
avoidance of immersion effects (1) are major 
advantages, The specific wave form of the 
Lithostar shock wave, combined with a reduced 
energy level, causes less pain, thus reducing 
the demand for anesthesia. While GA was given 
during the urologists' training period it is 
today limited to some smaller children or when 
contraindications to other techniques apply. 
Regional techniques are used when lithotripsy 
is accompanied by endo-urological procedures. The 
current standard is LI of an area 5 cm in diameter 
(mepivacaine 1%, 10 - 20 ml) in combination with 
systemic analgesics. With the R-wave triggering 
mode the incidence of arrhythmias (0.3 %) is 
See ne lower than with conventional ESWL 

5.6 %, 1). 


Conclusions. We conclude that NI-ESWL 
requires little - or sometimes no - anesthesia 
and is associated with cardiovascular stability. 
From the anesthesiologists' view, this compares 
favourably with conventional ESWL. 
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Introduction: The usefulness of pancuronium in Discussion: Myocardial 0, consumption is related 
patients with coronary artery disease was recently to HR, preload and afterload. Indirect parameters 
questioned (1). Suggested alternatives include of the latter include CVP/PCWP, MAP/MPAP and 
metocurine, RG1-4201 (duador), atracurium and SVR/PVR. Whilst MAP and MPAP remained fairly 
vecuronium (1, 2, 3). We have investigated effects constant with all relaxants, HR was unaffected only 
of neuromuscular blockade on the cardiovascular by V and A. CO increased after all drugs, except 
system under standardized conditions in a dog A. However, in the case of D this was due to a 
model. pronounced tachycardia (r~ = 0.8) whilst the co 
increase following V correlated with SV (r€ = 0.6) 
Methods: Five “conditioned foxhounds" were and a decrease in SVR (r^ = 0.66). 
anesthetized (pentothal/fentanyl inf./N,0), With respect to myocardial 0, consumption, our 
instrumented (art.can./p.a.-Gath.) and then results support the use of Vécuronium or 
given pancyron: um 0.1 mg.kg (P), metọcurine Atracuritm in patients with reduced coronary 
0.3 mg.kg? M}, atracurium 0.4 mg.kg (A), -1 reserve. The administration of Duador cannot be 
duador 0.4 mg.kg (D) and vecuronium 0.1 mg.kg advocatec. 
(V) in randomized sequence. 2, 5, 10, 20 and 
30 min after administration cardiovascular References: 
parameters were measured and compared to control: 1. Thomscn IR, Putnins CL: Adverse effects of 
heart rate (HR), mean arterial pressure (MAP), pancuronium during high-dose fentanyl anesthesia 
mean pulmonary artery pressure (MPAP), central for coronary artery bypass grafting. 
venous pressure (CVP), pulmocapillary wedge Anesthesiology 1985; 62:708-13. 
pressure (PCWP) and cardiac output (C0). From 2. Hilgenberg JC: Comparison of the pharmacology 
these were calculated: stroke volume (SV), of vecuronium and atracurium with that of 
peripheral vascular resistance (SVR) and pulmonary other currently available muscle relaxants. 
vascular resistance (PVR). Histamine levels were Anesth Analg 1983; 62:524-31. 
obtained at 2, 5 and 10 min. The data were 3. Fitzal S, Illas W, Kalina K, Schwarz S, 
analyzed using the BMDP program system. Signi- Foldes FF, Steinbereithner K: Neupomuscul ar 
ficance was assumed with p < 0.05. and circulatory effects of duador”, a new 
~ short acting nondepolarizing muscle relaxant. 
Results: Administration of P, D and M was Anaesthesist 1982; 31:674-9 


followed by an increase in HR (P 5'; M 2'; D 2, 5, 
10'). CVP/PCWP decreased after P (2, 5, 10, 20'/ 
2, 5, 10'), M (2'/2, 10, 20'), D (10'/2'). PVR/SVR 
decreased after P (5, 10, 20'/5'), M (5, 10'/2, 5, 
10'), D (5, 10'/2, 5, 10'), V (21/2, 5') and A 
(5'/-). Histamine levels did not increase. 
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Introduction. The internal mammary artery is at maximal doses in table). Prostacyclin release (as 


commonly used for coronary artery bypass because of 
improved long-term patency. Decreased flow through 
this vessel during and hours postbypass, however, may 
cause an initial impairment of cardiac function (1). 
It is routine practice for many cardiac surgeons to 
probe internal mammary arteries to dilate them prior 
to engraftment. We investigated the effects of such 
probing on endothelium integrity, vasodilation due to 
endozhelium-derived relaxing factor (EDRF) and to 
prostacyclin, and arterial prostacyclin production. 

Methods. Mongrel dogs (n=4) were anesthetized 
with pentobarbital (5 mg/kg) and invasively 
monitored. A midsternal thoracotomy was performed, 
and one internal mammary artery with its pedicle was 
isolated using magnifying loupes, removed, and 
divided into twc segments. One segment was gently 
probed two times using a 1.5 mm coronary artery probe 
in a manner idertical to that done clinically. The 
vessels were pleced in Krebs buffer and, using a 
dissecting microscope, carefully cleaned of fat and 
adventitia and divided into three mm rings. The 
rings were then hung in water-jacketed tissue baths 
of 37°C Krebs' solution gassed with 95%0,/5%C0, and 
connected to Grass FT-03 force transducers to Measure 
isometric tension. Optimal resting tension was 
determined by preliminary length-tension experiments, 
and active tension was applied with an E250 dose of 
pherylephrine. Dose-dependent relaxation responses 
to the endothe] iug- depends nt vasodilators, 
methacholine (10° tg 1 BM), calcium ionophore 
(A22187; 107? to 107 "), and melittin (1, 2, and 
3 ug/ml) were determined both before and after 
addition of indomethacin (28 uM) to the baths (used 
to block any portion of the relaxation due to 
prostacyclin). In some experiments, aliquots of bath 
fluid were removed before and after addition of 
A23i87, and radioimmunoassayed for 6ketoPGF (the 
stable breakdown product of prostacyclin). “The 
correlation between endothelial integrity and 
relaxation response of probed vs unprobed vessels was 
assessed by scanning electron microscopy in selected 
rings. Data were analyzed by paired t-tests and are 
expessed as mean + SEM. 

Results. The relaxation responses to all drugs 
studied were significantly impaired in probed vs 
unprobed vessels both in the presence (p<0.01) and 
absance (p<0.01) of indomethacin (representative data 





Measured by 6ketoPGF, production) was significantly 
impaired (p<.05) in $ obed vs unprobed vessels under 
both basal (1.59+.19 poles/mg tissue vs 2.1+.14 
pmoles/mg tissue) and A23187 stimulated conditions 
(5.721.1 poles/mg tissue vs 16.2+4.5 pmoles/mg 
tissue). The degree of impairment of relaxation 
response correlated with endothelial cell damage as 
assessed by scanning electron microscopy. Scanning 
electron micrographs of segments revealed marked 
endothelial disruption in probed vs unprobed vessels. 

Conclusions. We have demonstrated that routine 
probing of dog mammary arteries causes significant 
endothelial cell damage, decreases the ability of the 
vessel to release prostacyclin, and markedly impairs 
relaxation responses due to EDRF and prostacyclin. 
It is possible that these factors contribute to 
decreased coronary flow following coronary artery 
bypass surgery. These results suggest that the 
probing of internal mammary arteries prior to 
engraftment should be avoided and that these vessels 
must be handled with extreme care. 
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PERCENT RELAXATION OF DOG IMA + 
+ INDOMETHACIN 


PROBING, 


MELITTIN, 3 UG/ML 


-INDO +INDO 
PROBED 17.84 4.5  10.6+2.6 
UNPROBED  41.6+13.9  27.2+5.2 
METHACHOLINE 107M 
-INDO +INDO 
PROBED 30.64 7.2  20.8+ 4.5 
UNPROBED  52.3#11.3  40.4+10.7 
A23187 107M 
-INDO +INDO 
PROBED 22.1412.4 16.24 5.7 
UNPROBED 47.2 7.2 44.14 4.7 
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Introduction. Monitoring cardiac output on a 
continous basis is of inestimable value in the 


management of critically ill patients. The most 
commonly employed method of measuring cardiac 
output, the thermodilition technique, is 


intermittent and invasive. Doppler ultrasonography 
is a noninvasive alternative that has been shown 
to correlate well with thermodilution cardiac 


output. We studied the relationship between 


continous esophageal doppler cardiac output (Dco) 
and continous Fick cardiac output (FC0)^ during 
progressive decrease in cardiac output by 
hemorrhage in pigs. 

Methods. In six anesthetized pigs, average 
weight 40 kg, an esophageal doppler probe 
(Accucom, Datascope, Parasmus, NJ) was positioned 
in the esophagus to obtain a maximum blood flow 
velocity signal from the descending thoracic 
aorta. Continous FCO measurements were obtained 
using fiberoptic catheters in the pulmonary and 
carotid arteries for the measurement of S¥O, and 
5a0, respectively. A gas exchange andlyser 
meaSured oxygen consumption. „An IBM PC processed 
data to provide continous FCO.” Prior to starting 
hemorrhage the esophageal doppler was calibrated 
to the FCO. Recalibration was carried out either 
for a probe shift advisory or for obvious failure 
of DCO to track the progressive hypovolemia. The 
animals were bled via a femoral artery line at a 
steady rate until death (approximately 45 minutes) 
for a total blood loss of about 1.5L or 40% of 
blood volume. Fick and esophageal cardiac outputs 
were recorded every minute and the data analyzed 
using least squares regression and correlation 
methods. 

Results. A total of 340 simultaneous 
measurements of doppler ard fick cardiac output 
were obtained from six pigs. In each pig it was 
necessary to recalibrate DCO after 200 to 500 ml 
blood loss, therefore the results before and after 
the recalibration were analyzed separately. In 
one animal (#5) it was impossible to obtain an 
adequate doppler signal before 250 ml blood loss, 
necessitating its exclusion from the pre- 
recalibration analysis. The correlation 
coefficent, slope and intercept were obtained for 
each animal. The individual regression lines with 
pooled means and standard dəviations for the two 
periods are shown in Figures 1 and 2. 

Discussion. The equation used by the doppler 
method is DCO = SVI x CSA x HR (where SVI = 
systolic velocity integral, CSA = cross sectional 
area of descending thoracic aorta, and HR = heart 
rate). The implicit assumption in this method is 
that CSA remains constant. The results suggest 
that during early hemorrhage this assumption is 
erroneous. Sympathetic activity associated with 
hemorrhage results in an increase in HR and SVI. 
The difference between the FCO and DCO during the 
initial bleeding period can be explained by a 
decrease in the CSA. The increase in SVI was 
probably responsible for the inappropriate probe 


shift advisories of this version of Accucom. 
After recalibration, which was in effect resetting 
the CSA, the DCO tracked the FCO, suggesting a 
maximal decrease in the CSA. 

We found the esophageal carđiac output 
monitor reliably tracked cardiac output only after 
the early period of blood loss. 
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Introduction: Metoclopramide is one of the most 
commonly used drugs in the perioperative period 
today. Metoclopramide is especially used by 
anesthesiologists as an antiemetic and to facilitate 
the gastric emptying and thus in the prevention of 
pulmonary aspiration of gastric contents in the 
preoperative period (1). Metoclopramide is also used 
frequently in the preoperative period by radiologists 
to aid in radiological examination of the stomach and 
small intestine. 

Recently we observed prolongation of 
neuromuscular blcckade caused by succinylcholine in 5 
patients receivirg metoclopramide preoperatively. The 
chemical structure of metoclopramide is very similar 
to that of prccainamide (2). We have previously 
demonstrated the inhibitory effect of procainamide on 
PCHE activity. Like procainamide, if metoclopramide 
inhibits PCHE activity, this would provide a 
mechanism for the prolonged duration of 
succinylcholine in patients receiving metoclopramide. 
Therefore, we studied the effect of metoclopramide on 
PCHE activity. 

Methods: With the prior approval of our 
Institutional Review Board for the Protection of 
Human Subjects, we included 10 healthy ASA physical 
status l and 2 patients (ages 25-40, both sexes). 
Informed consent was obtained from all patients. Ten 
ml of venous tlood was drawn into a heparinized 
syringe from each patient. Plasma was immediately 
separated and used for cholinesterase assay. The 
effect of metoclopramide at concentrations of 0.05, 
0.1, 0.5, 1.0, 2.5, and 5.0 pg/ml was also studied on 
FCHE activity ia each sample of plasma. A kinetic 
method described by Zapf et al (3) was used in the 
éetermination of PCHE activity and dibucaine numbers 
(DN). 

Results: Table 1 contains the results. All the 
samples had a normal ODN. The concentration of 
metoclopramide required to inhibit 50% of PCHE 
activity (I, ) was found to be 0.8 pg/ml or 2.4 x 
20 M, when PCEE activity was plotted against plasma 
netoclopramide concentration (Fig). Linear 
correlation was evident, as indicated by a 
correlation coefficient (R) of 0.99. 

TABLE 1: Effect of metoclopramide (MCP) on plasma 
cholinesterase (PCHE) activity 


MCP PCHE Activity % Inhibition 
pg/ml unit/ml 
Mean + §.D. 
0 (control) 0.86 + 0.02 oa 
0.05 0.79 + 0.02* 10 
0.10 0.69 + 0.04% 20 
0.50 0.50 + 0.03% 42 
1.00 0.39 + 0.02* 55 
2.50 0.24 + 0.01* 73 
5.00 0.15 + 0.01* 83 


* p<0.01 when compared to control (Dunnett's test); 
n=12 

Discussion: Metoclopramide is increasingly being 
used by clinicians for the control of nausea and 
vomiting associated with narcotic analgesic therapy, 
radiation therapy, chemotherapy, pregnancy, and 
surgery and anesthesia (2). Metoclopramide in doses 
of 10-20 mgs is used by anesthesiologists to 
facilitate gastric emptying in the preoperative 


period. A 10 mg dose gives a peak plasma 
concentration of up to 140 ng/ml (4). A dose of 1-3 
mg/kg of metoclopramide has been used for 
chemotherapy induced nausea and vomiting, and doses 
up to 1000 mg per day have been tried as an 
antipsychotic agents. Peak plasma concentrations 
after administration of these high doses of 
metoclopramide have not been studied. We believe one 
should use caution when succinylcholine is 
administered in these patients especially in those 
who receive high doses of metoclopramide. PCHE is a 
mucoprotein produced mainly in the liver and is 
responsible for the metabolism of succinylcholine, a 
depolarizing muscle relaxant, and all of ester type 
local anesthetics. Metoclopramide has also been 
proven efficacious in the treatment of vomiting and 
reflux esophagitis associated with pregnancy (5,6). 
Since both pregnancy and the administration of 
metoclopramide are associated with a decrease in PCHE 
activity one should use caution when succinylcholine 
is administered in pregnant patients receiving 
metoclopramide. 

In conclusion, our present study demonstrated 
that metoclopramide has a significant inhibitory 
effect on PCHE activity. Our data also showed that 
the concentration of metoclopramide required to 
inhibit 50% of PCHE activity (T59) was 0.8 pg/ml. We 
recommend that caution be exercised by 
anesthesiologists when they use  succinylcholine, 
especially in multiple doses or in a continuous drip 
form in patients receiving metoclopramide. 
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INTRODUCTION: Esmolol (ES) is an ultra-short ac ‘ing 
beta-adrenergic antagonist (1). Long acting bzta- 
blockers have previously been shown to reduce the 
dose of nitroprusside (NP) required to produce 
deliberate hypotension, however, continued teta. 
blocking effects may persist beyond the cessation of 
the NP infusion. When compared as a sole agent to 
NP post-operatively, ES hypotension was associzted 
with reduced cardiac output rather than reduced 
vascular resistance seen with NP (2). The present 
study tested the hypothesis that combining NP + ES 
will reduce blood pressure with few deleterious effects 
in an anesthetized canine model. 

METHODS; 18 conditioned mongrel dogs of either sex, 
were anesthetized with enflurane (2.2-2.3% end tidal). 
Normothermia and normocarbia were maintained. End 
tidal enflurane (EF), CO, and O, were measured by 
mass spectrometry. Lead II of the ECG and heart rate 
(HR) were recorded. Arterial and pulmonary artery 
catheters were placed for measurement of mean artezial 
pressure (MAP), central venous and pulmonary capilliry 
wedge pressures (CVP, PCW), and for thermodilut.on 
cardiac output (CO) in triplicate. A micromanometer 
tipped catheter was placed for left ventricular (LY) 
pressure measurement and derivation of LV dPHT. 
Systemic vascular resistance (SVR), cardiac index (CI), 
and stroke work index (SWI) were calculated. Periojic 
plasma samples were analyzed for ES and catecholam.ne 
levels by HPLC. After 45 min of stabilization on =F 
only, baseline (B) cardiovascular measurements and 
plasma samples were taken. Group I continued to 
received EF only with measurements repeated every 30 
min. Groups II and III, to test ES and NP alone and 
together and to control for order of drug adminās- 
tration, underwent 5 consecutive 30 min measurement 
intervals: II = ES alone, drug off, NP alone, NP + E3*, 
drugs off; III = NP alone, drug off, ES alone, ES + 
NP*, drugs off. The ES loading dose was 500 ug/xg 
over 1 min, followed by an infusion of 300 ug/kg/m_n. 
The NP dose was titrated to achieve a 20% decrease in 
MAP, not to exceed 8 ug/kg/min. (* For the combin=d 
drug periods: in group IJ, the NP dose was maintain=d 
while ES was added; in group III, the prior NP dcse 
was added to the ES infusion.) Repeat measuremerts 
were made at 30 min of each period. Changes with 
time in each group were analyzed by analysis f 
variance for repeated measures with Bonferroni t-tess. 
Analysis of variance with weighted t-tests was used <o 
evaluate intergroup differences at comparable times. A 
p value < 0.05 was considered statistically significant. 
RESULTS: There were no differences among the groups 
for any variable at B. In group I (EF alone) the ony 
changes with time were a gradual decrease in LV dP/dt 
CI, and SWI, and an increase in SVR. Results for 
groups II and III for B, 30 min of the drugs, and at 30 
min of recovery (R) are shown in the figure. Asteris=zs 
denote significant differences from gp. I (not shown n 
the fig.) at the comparable time. Mean ES levels we-e 
equivalent among the variovs ES administration periods 
in groups II and II (3.2-4.0 Ate/ml); ES wes 
undetectable 30 min after ES infusion. At the time of 
the drug combinations, MAP, SVR, SWI, and LV dP/dt 
for NP + ES (gp. II) were equivalent to ES + NP (gp. 
III), and both were less than gp. I. CI for the 
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combined drugs was equivalent to CI with EF alone at 
the same time. HR was unchanged. PCW at B were 7-8 
+ 1 mmHg among the groups; the only change during 
the drug infusions was a decrease to 5+1 mmHg with 
NP alone in gp. II. Plasma catecholamine levels were 
only increased with NP alone. At R, all variables were 
returned to levels equivalent to gp. I (EF alone) at the 
comparable time, with the exception of a higher post- 
drug PCW (10+1) in gp. III. 

DISCUSSION: In an EF anesthestized canine model, ES 
was successfully used to augment the hypotensive 
effects of NP regardless of the order of administration, 
with reduced SWI, no increase in HR or plasma 
catecholamines, SVR lower than anesthetic alone, and 
no difference in CI from anesthetic alone. Recovery 
was prompt and complete for all of the variables 
studied. This drug combination may offer advantages 
in particular clinical situations when controlled 
hypotension is indicated. 
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Introduction: 

Ambulatory surgical patients are at a higher 
risk of aspiration and regurgitation as they have 
higher volume of gastric juice and a lower pH com- 
pared to inpatients.[1] 

The potentiation of the inhibitory action of 
Cimetidine (C) on H2 receptors by the simultaneous 
administration of anticholinergics has been 
reported. [2] 

Ir this investigation, we evaluated the effect 
of Cimetidine alone, and the combination of 
Cimetidine and Mezoclopramide (M) given parenteral- 
ly, on the volume of gastric juice and pH in 
ambulatory patients undergoing elective surgery. 


Methods: 

The protocol was approved by the Institutional 
Review Committee and informed consent was obtained 
from all patients. Eighty (80) patients scheduled 
for laparoscopy or arthroscopy were randomly 
allocated into four groups with 20 patients in each 
group. Group I, outpatients, and Group II, in- 
patients, served as unpremedicated controls.Patients 
in Group II served as the basis for comparison with 
Group I outpatients. Group III, outpatients, 
received 300 mg cf C intravenously. Group IV, 
outpatients, received both C 300 mg and M 10 ng. 
Both drugs were administered, intravenously, 30-90 
minutes prior to induction of anesthesia. Patients 
with gastrointestinal disorders, and obese patients 
were excluded from the study. No other premedica-— 
tions were given. After satisfactory induction of 
anesthesia (pentothal, succinylcholine) and endo- 
tracheal intubation, a #18F sump tube was passed 
into the stomach. Location was confirmed by 
insufflation and listening over the stomach. The 
patient was tilted head down and laterally to 
facilitate aspiration of gastric contents. The 
volume of the collected gastric juice was measured 
and pH determined by a technician unaware of the 
protocol. The pH of the gastric juice was measured 
by a Corning pH electrode. The incidence of nausea, 
vomiting, or othar side effects postoperatively, 
were recorded. Statistical analysis using one way 
analysis of variance with Scheffs multiple compari- 
son test. P values less than 0.05 were considered 
significant. Values are expressed as mean + SEM. 


Results: 

Patients in the control Groups I and II had a 
mean pH of 2.32 + 1.23 and 2.78 + 1.47 respective- 
ly. C increased gastric pH in Group III significant- 
ly, (p£ 0.05) to a mean 4.76 + 1.54. In Group IV, 

C and M further increased pH to 6.15 + 0.71 

(p <9.05). The four groups differed with respect 
to m2an volume of gastric content. Mean gastric 
volune were 29.9, 23.6, 19.9, and 11.6 cc in Groups 
I to IV respectively, the proportion of patients 


in the four groups with pH £2.5 and volume? 25cc 
also were analyzed. The number of patients with the 
combination of both factors in Groups I to III 
were 9 (45%); 6 (30%); 1 (22%); respectively, and 
none in Group IV. 

Three patients each in Group I and II, and 
two in Group III developed nausea and vomiting 
postoperatively. 


Discussion: 

This study confirmed clinical observation that 
outpatients are at a higher risk than inpatients 
are for developing acid aspiration. 

Both regimens, C, alone and the combination of 
C and M were highly effective in increasing gastric 
pH and reducing gastric volume. However, it seems 
that effects of C and M were additive when admin- 
istered together. None of the patients in Group IV 
had a pH &2.5 or volume % 25cc. 

Therefore, we recommend that outpatients 
receiving general anesthesia be given parenteral C 
and M preoperatively. In addition to providing 
greater protection against aspiration pneumonitis, 
this combination of therapy may also decrease the 
incidence of postoperative nausea and vomiting. 


TABLE I 

No. of Pts. 

with pH &2.5 
Groups pH Volume Vol. 2 25 ml 

No. A 

Group ÍI 2.33 + 1.23 29.9 + 15.9 9 45 
Out-pt 
Group II 2.78 + 1.47 23.6 + 13.97 6 30 
In-pt. 
Group III 4.76 + 1.59* 19.9 + 15.21 l 5 
Out-Pt. 
C-300 mg 
Group IV 6.15 + 0.71* 11.6 + 7.37** 0 0 
Out—pt. 
C and M 


* Compared to pH in Group I and II p< 0.05 
** Compared to Volume in Group I p < 0.05 
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Introduccion. It is common practice to apply Discussion. Topical anesthesia of the nasal 
a vasoconstrictor to the nasal mucosa to prevent mucosa is one of the few remaining medical 3 
the epistaxis associated with nasotracheal indications for cocaine. However, cocaine is 
intubation. Cocaine is usually copgidered the a highly toxic agent whose effects may be 
prototype drug for this purpose. A number of manifested by excitement, anxiety, delirium and 
studies have compared other,a gnts to cocaine convulsions. Its sympathomimetic action may (5) 
with equivocal results. ‘““'~! This study increase the likelihood of cardiac arrhythmias. 
examined the efficacy of the long acting Finally, it has a high potential for illicit use. 
adrenergic agonist oxymetazoline in comparison to Lidocaine-with-epinephrine has a mixed alpha 
cocaine and to lidocaine with epinephrine, a mixed and beta sympathetic effect, and as expected, 
alpha and beta adrenergic agonist. proved to be the least efficacious of the three 

medications at preventing epistaxis. We suggest 

Methods. Following approval of the Conmittee that lidocaine-with-epinephrine be avoided in favor 
on Research Involving Humen Subjects, and after of a pure vasoconstrictor agent. 
having given informed consent, thirty-six patients Oxymetazoline is a pure alpha-agonist. It does 
over the age of sixteen undergoing oral or dental not inhibit the re-uptake of catecholamines, as 
surgery necessitating nasctracheal intubation for does cocaine and it has no effect on the 
general anesthesia were studied. The subjects myocardium. Perhaps most important, it has no ia 


were randomly assigned to one of three medication 
groups. Medications were supplied to the 
researchers by the pharmacy in a double-blinded 
fashion. ‘Thirteen patients received 4% lidocaine 
with 1:100,0039 epinephrine, thirteen patients 
received 10% cocaine and ten received 0.05% 
oxymetazoline. Medications were applied with 
cotton-tipped swabs for five minutes to both 
nares of the awake subjects. General anesthesia 
was induced ten minutes later with sodium 
thiopental 4-5 mg/kg I.V. Succinylcholine 1.5 
mg/kg I.V. was given to facilitate tracheal 


mood-altering effect and therefore no potential for 
illicit use. It has fewer side-effects and is as 
effective as cocaine in preventing epistaxis 
following nasotracheal intubation. ‘The avail- 
ability of oxymetazoline offers yet another 
argument for the abolition of cocaine from the 
medical armamentarium. 


1. 
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Results. Results for each group, summarized 
in Table 1, were compared by Analysis of Variance. 
P<0.05 was considered to be statistically 
significant. The mean score for the thirteen 
patients in the lidocaine- with-epinephrine group 
was 1.08 + 0.852. The mean score for the patients 
in the cocaine group was 0.59 + 0.855 and the mean 
score for the patients in the oxymetazoline group 
was 0.3 + 0.675. Oxymetazoline proved to be more 


medical pharmacology, 5th Edition. Lange 
Medical Publications. Los Altos, California 
1976;91 


Table 1. Number of patients receiving score of 


0,1,2,3 fcr each medication under investigation. 


Score: 0 1 2 3 


effective than lidocaine-wivh-epinephrine Medication. 

(P<0.025). The difference in mean score between Lidocaine with Epinephrine 3 7 2 1 
oxymetazoline and cocaine was not statistically Cocaine 7 3 3 0 
significant (P£ 0.375). Similarly, the difference Oxymetazoline 8 1 1 0 


between cocaine and lidocaine-with-epinephrine was 
not statistically significant (P< 0.375). 
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e Vecuronium (VCB) is best known 
for its remarkable lack of cardiovascular side 
effects”. However, as most other non~-depolarizing 
muscle relaxants, its rate of onsets when given in 
doses one to three times its EDgs» is unable to 
provide a fast» reliable» optimal relaxation for 
endotracheal intubation. Although „a few attempts 
had been made to use it as such*, it is still 
unclear whether increasing the dose of vecuronium 
will result in faster onset times. In this study, 
we compared the onset time, duration of action and 
recovery pattern in patients given low dose 0.1 
mg/kg (2xEDg5) and high dose 0.4 mg/kg (8xEDgc) 
VCB. 


Methods. After Institutional Review Boara 
approval, twenty four ASA I and II patients, ages 
18-65 of either sexs excluding females of child- 
bearing potentiai, were studied. Patients weighed 
less than 100 kgs.» had no organ system diseases no 
known sensitivity to muscle relaxants and were 
undergoing elective surgery. Patients consisted of 
two groups: Group I patients were given 0.1 mg/kg 
of VCB and Group II patients 0.4 mg/kg. Heart rate 
and blood pressure (Dinamap) were recorded at 
regular intervels throughout the study. After 
supramaximal ulnar nerve stimulation, patient's 
neuromuscular function was assessed using both 
standard EMG recordings (NMT Puritan Benett) and 
adductor pollicis twitch monitoring. General 
anesthesia was induced after pre-oxygenation with 
thiopental 3-7 mg/kg and fentanyl 2-5 ug/kg. 
Maintenance was achieved with Nj0/09 (602/402), 
eaflurane (maximum end tidal concentration 0.5%), 
aad additional doses of fentanyl (up to 10 ug/kg) 
as clinically required. Ventilation was controlled 
in order to maintain a Pago within normal range. 
After stabilization of the neuromuscular recording 
technique, VCB was given as a rapid bolus into a 
proximal IV site of a rapid flowing IV. When 
required by surgery» 0.03 mg/kg increments of VCB 
were administered at T} 25% spontaneous recovery | 
Onset time was defined as time from injection to 
maximal T} depression (>95% blockade), clinical 
duration was defined, as time from injection to 
spontaneous recovery Ti 25%, and recovery time was 
defined as time from spontaneous recovery from T 0 
to T25. Intubation was performed after maximum t 
depression and was scored according to thē 
following criteria: 1 - excellent: jaw and cords 
well relaxed» no reaction; 2 ~ good: slight cough, 
jaw cords well relaxed; 3 - poor: cough or 
movement, cords slightly adducted; 4 - impossible: 
jaw and/or cords tightly closed. Analyzed cardio- 
vascular data were collected: after induction prior 
to relaxants and after relaxant prior to 
intubation. Results were analyzed by the 
two-sample Student t-test; p results less than 0.05 
were considered statistically significant. 


Results. The mean values and the standard error 
of the mean for onset time, duration, recovery; and 
hemodynamic values are presented in table 1. 


Increasing the dose of VCB from 0.1 mg/kg to 
0.4mg/kg resulted in significantly shorter onset 
times (mean: from 198 to 94 seconds). When 
increasing the dose four times, the duration also 
increased approximately four times. However, 0.4 
mg/kg VCB is associated with a much greater vari- 
ability in duration (range: 60-215 mins.) than 
doses 0.1 mg/kg (range: 22-43 mins.). There was 
no significant difference in the mean arterial 
pressure and heart rate after relaxant in either 
groups nor in the rate of spontaneous recovery. 
One hundred percent T} depression was achieved in 
all patients. There was no evidence of flushing 
or EKG changes in the patients studied. Intuba- 
tion conditions were "excellent" in most patients 
except three patients in group I where they were 
"good". Reversal of the neuromuscular block was 
easily accomplished in both groups when initiated 
at or above Ty, recovery. There was no evidence 
of recurerization in either group. Figure 1 
demonstrates the different onset times of the two 
groups. 


Discussion. Vecuronium can safely be adminis- 
tered to patients in doses up to eight times EDgc» 
without additional side effects or significant 
changes in hemodynamics. Similar spontaneous re- 
covery rates and patterns of reversal were ob- 
served in both high dose and low dose groups. The 
clinical properties of high dose VCB (0.4 mg/kg) 
may make this drug suitable for endotracheal 
intubation in prolonged surgical procedures. 


References. 
1. Miller RD et al. Anesthesiology 61:444, 1984, 
2. Lennon RL et al. Anesthesiology 64:510, 1986. 


Gop II 
m12 ml 
0.1 mg/kg UCS 0.4mg/kg UCB 
Onset tine (secs) 198.7 + 16.9 34.0 + 5.6 è 
Duration (mins) 32.2 + 1.7 121.5 + 14.6 * 
Spontaneous Recovery 6.75 + 1.1 10.5 + 2.2 
T10 - T25 (mins) 
Intubation Soore 1.25 1.00 
MAP Prior Relaxant 98.1 + 3.9 87.0 + 5.2 
MAP After Relaxant. 93.1 + 4.4 81.1 + 3.8 
HR Prior Relaxant 77.9 + 3.9 64.8 + 3.3 
ER After Relaxant 76.6 + 3.75 82.7 + 2.7 
Mean + SEM *p < 0.01 MAP - Mean Arterial Pressure 
HR - Heart Rate 
TABLE I 
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Introduction Neonatal asphyxia impairs 
autoregulation of cerebral blood flow (CBF). In 
preterm neonates, loss of autoregulation allows @? 
to vary directly with changes in arterial blood 
pressure and may result in intracranial hemorrhage. 
and central nervous system damage. t Magnesium 
sulfate is widely used in management of parturienzs 
with preeclampsia. We have assessed the effects 22 a 
therapeutic ievel of magnesium sulfate on cerebra_ 
blood flow and its autoregulation after a period «Z 
asphyxia in newborn lambs. 


Methods Eleven 1-3 day old lambs were 
anesthetised with 70% N90, 30% 02, paralysed with 
d-tubocurarine and intubated and ventilated to 
Maintain normoxia and normocarbia. Skin of groin and 
neck was anesthetised with 0.5% lidocaine for 
insertion of catheters into the femoral artery anc 
vein and into the right lingual artery. Xenon 2as 
injected through the lingual artery and xenon waskKout 
from the brain was measured using a gamma counter. 
CBF was derived from the initial slope of the xenam 
washout curve. CBF autoregulation was assessed by 
determining C3F at resting, elevated, and decreasel 
mean arterial blood pressures (MAP) before and afte< 
asphyxia. MA? was increased by infusion of 0.02% 
phenylephrine and decreased by infusion of 0.1% 
sodium nitroprusside solutions. After surgical 
preparation, the lambs were allowed to recover for 
two hours. After stabilization and demonstration 37 
normal CBF autoregulation, 6 lambs received a load_ag 
dose of magnesium sulfate (80 mg/Kg) followed by a 
continuous infusion of magnesium sulfate at 48 
mg/Kg/h until the completion of experiments. All ke 
lambs were subjected to 30 minutes of asphyxia (Pa™> 
15-32 mmHg, PaCOg 50-76 mmHg). After asphyxia, al- 
lambs were maintained at normoxia and normocapnia zcr 
the duration of the studies. Serum magnesium 
concentrations. were measured with an atomic 
absorption spectrophotometer. Data were compared Fy 
analysis of variance and presented as mean+SEM. 


Results The CBF data are presented in the 
table. The serum magnesium concentrations of the 
treated lambs were 1.8 mEq/L before magnesium sulfa= 
infusion and remained in the range of 3.7 to 3.9 
mEq/L during the studies. During asphyxia, CBF 
increased significantly in all the lambs. At 30 
minutes after the end of asphyxia, all the lambs hei 
increased CBF with MAP elevation and decreased CBF 
with MAP reduction. These changes indicate 
impairment of CBF autoregulation in all the lambs. 
At 90 minutes after the end of asphyxia, the 
magnesium sulfate treated lambs had recovered CBF 
autoregulation while the untreated lambs had 
persistent impairment of CBF. 


Discussion These results confirm our previous = 
studies which showed impairment of CBF 
autoregulation after asphyxial stress in newborn 
lambs. The magnesium sulfate treated lambs lost CBF 
autoregulation after asphyxia but made a 
sicnificantly faster recovery than the untreated 
lambs. Our results are consistent with Altura and 
Altura's suggestions that prophylaxis with Mg2t 
salts should be beneficial in brain ischemia. 
Clinicelly, these findings indicate that magnesium 
sulfate therapy for parturients with preeclampsia, 
may not only be beneficial to the mothers but also 
to their neonates. 
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CBF (m1/100g/min) 
Untreated Magnesium- 
lambs treated lambs 
Befcre asphyxia 
Decreased MAP 60 + 3 5445 
Resting MAP 63 + 3 56 +5 
Elevated MAP 63 + 3 55 £5 
Luring Asphyxia 
Resting MAP 206 + 8** 147 + 16** 
30 min after asphyxia 
Decreased MAP 53 + 3# 40 + 2# 
Resting MAP 61 +5 49 + 3 
Zlevated MAP 73 + 6# 63 + 4# 
90 min after asphyxia 
Decreased MAF 51 +3 43 +3 
Resting MAP 52 + 2* 44 + 3 
Elevated 58 + 3# 48+4 





* p¢0.05; ** p< 0.01 compared to CBF at resting MAP 
before asphyxia. 


# p< 0.05; ## p< 0.01 compared to CBF at resting MAP 
at the same time period. 
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Introduction. Rectal methohexital had been used 
as a premedicant agent in children with variable 
success (1). Whan 25 mg/kg of 10% solution was used 
rectally, only 84% of the children fell asleep within 
15 minutes. The mean time to the onset of sleep was 
&.343.6 mins. A wide variation in the plasma concen- 
tration of the methohexital was found. Also, the in- 
cidence of premedication related defecation was 15Z. 
The administration of 10% solution of rectal metho- 
hexital in mice is associated with inflammation, 
hemorrhage and ulceration of the rectal mucosa (2). 
Thus, a more dilute solution than the 10% may be pre- 
ferred. 25 mg/kg of the 2% solution of rectal metho- 
hexital has been compared to the 10% solution (3). 
The 2% was associated with a higher plasma level of 
methohexital without affecting the speed or reliabi- 
lity of inducticn or the incidence of soiling. We 
studied the effect of further diluting the methohex-- 
tal to 1%. Therefore, using a larger volume may be 
more effective, thereby allowing lower dosages. All 
our solutions were placed in the sigmoid area which 
may improve absorption and decrease the incidence ož 
soiling. The influence of aspirating residual metho- 
hexital on recovery time was also studied. 


Methods. 72 children, ASA I, with mean age 5.2 
+1.4 years and weight 20.3+6.3 kg, scheduled for ton- 
sillectomy and/or adenoidectomy and ear tubes were 
studied. Insticutional approval and parents' in- 
formed consents were obtained. All the children were 
unpremedicated and accompanied by their families to 
the holding area. Every child was randomly assigned 
to one of eight groups. 


Group Conc. Dose Aspir. Group Conc. Dose Aspir. 





1 24 l5mg yes 5 12 i5mg yes 
2 22 l5mg no 6 12 15mg no 
3 22% 25mg yes 7 12 25mg yes 
4 2% 25mg no 8 1% 25mg ne 


With the children lying on their sides and comforted 
by the parents, the methohexital was administered via 
a lubricated 14 gauge suction catheter introduced 4-5 
inches rectally and kept in place until the onset cf 
sleep. Sleep was defined as loss of consciousness, 
unresponsive to verbal stimuli and absence of volur~ 
tary movement when unstimulated. When the childrer 
fell asleep, in half of them residual methohexital 

was aspirated and the volume recorded. The children 
were monitored by an apical stethescope and pulse cxi- 
meter. If a child did not fall asleep within 15 mins, 
the dose was ccnsidered inadequate. The children were 
then transported to the operating room and anesthesia 
was induced with nitrous oxide and halothane in oxy- 
gen. Orotracheal intubation was facilitated by suc- 
cinylcholine. Ventilation was mechanically contro led. 
At the end of surgery, the children were extubated 
when they regained their reflexes. Both induction ` 
sleep time and recovery time [from end of anesthesia 
till the child reaches a score of 6 using Steward's 
post-anesthesiz recovery scoring system (4)] were 
recorded. 3 factor analysis of variance was used <o 
analyze each variable where the 3 factors were dose, 
concentration, and effect of aspiration. 


Results. The mean sleep induction time folloving 
25 mg/kg was 6.0+1.7 mins which was significantly 


shorter (p>0.0002) than when using 15 mg/kg (7.8+1.8). 
The sleep induction time using 1% solution was 5.9+ 
1.3 which was signizicantly shorter (p>0.0005) than 
using 2% (7.5+2.3). The recovery time was signifi- 
cantly prolonged (p>0.0369) with 25 mg/kg as compared 
to 15 mg/kg. Aspiration had no significant effect on 
recovery time although we got 47+18% out of the ad- 
ministered volume. AIl the patients who received 

25 mg/kg of the 1% solution (n=17) went to sleep with 
in 15 mins. Only one patient out of 16 who received 
25 mg/kg of the 2% solution did not sleep within 15 
mins. Of the groups who received 15 mg/kg, 13 out of 
30 patients (43%) did not go to sleep within 15 mins; 
7 of them had 2% solution and 6 had 1% solution. 3% 
of the patients defecated. 


Discussion. Rectal methohexital is a reliable 
technique to induce anesthesia in children. The 
success rate depends on both the dose and the concen- 
tration of the solution. When using a more dilute 
solution, a larger volume will be needed, thus a lar- 
ger surface area of sigmoidorectal mucosa will be ex- 
posed to the solution, which improves absorption. In 
this study, using 25 mg/kg and 1% solution was asso- 
ciated with a faster induction of sleep and 100% 
success rate. In the previous studies, only 84% 
success rate was achieved when 25 mg/kg of 10% and 2% 
solutions of methohexital were placed rectally (1,3). 
As we placed the methohexital in the sigmoidorectal 
area, most of the solution will be transported to the 
portal system and exposed to hepatic first pass elimi- 
nation. Thus, a higher dose will be needed. The low 
incidence of defecation in the study (3%) as compared 
to the previous studied, i.e. 15% (1), may be related 
to placing the methohexital in the sigmoid area in- 
stead of the low rectum. 

In conclusion, 1% methohexital given in a dose 
of 25 mg/kg and placed in the sigmoid area appears 
superior to the use of 10% and 2% solutions and is 
associated with lower incidence of defecation. The 
aspiration did not affect recovery time. 
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n Age Weight Sleep time Recovery 
(yrs) (kg) (mins) time(mins) 
Dose 15 19 5.2+2.0 20.647.0 7.8411.8 35.5+17.0* 
mg/kg 25 32 4.941.7 19.545.0 6.0+1.7A 50.0+27.0 
Conc. 1 27 4,641.8 18.045.4 5.941.3+ 47.1+24.8 
Z 2 27 5.641.7 21.345.9 7.542.3 42.5+24.8 
Aspir. 27 45.3425.9 
No aspir. 27 44. 423.8 


A p>0.0002; + p>0.0005; * p>0.0369 
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Introduction. It is well known that opiates strengthen 
the hypnotic effect of benzodiazepines in surgical patients 
(1,2). Although benzodiazepine and opioid receptors are 
pharmacologically separate, there are suggestions that 
these receptor systems may interact in the mediation of 
their effects (3). The aim af the present study was to 
investigate the interaction between morphine and 
diazepam regarding the hypnotic effect in rats. 


Method. Experiments were performed on 60 male 
Sprague-Dawley rats weighing 225-275g. The righting 
reflex test was regarded as positive if the rat failed to 
right itself within 15 see after being placed on its side. 
The experiments were carried out in a clear chamber 
where oxygen was delivered. Each animal was given only 
one predetermined dose of an agent or a combination of 
agents. The agents or their combinations were injected 
into the saphenous vein over 30 sec in a 0.5 ml volume. 
Times between injections of agents and the righting reflex 
test were based on the times to peak effect of these 
agents: 15 min for morphine, 3 min for diazepam. With 
combined drug administration, both drugs were injected so 
that synchronization of the peak effect would occur. All 
experiments were carried out between 8:00 AM and 12 
Noon. The interaction between the agents was 
determined in two steps. With the first step, three dose- 
response curves (4) (three groups of experiments) were 
determined: two with the agents given alone, and the 
third group with a combination of the agents. Twenty 
animals were used to determine the dose-response curve 
for a drug or drug combination in each group of 
experiments with doses equally spread to give a range of 
doses that block the righting reflex in none or all of the 
animals in a subgroup. Diazepam dose range was from 2 
mg-kg-! to 15 mg-kg-l, and the morphine dose range was 
from 20 mgkg~ to 40 mg-kg~l. On the basis of the 
results obtained in the experiments where agents were 
given alone, their EDs5g values were calculated to 
determine weight ratio between the components for the 
combined group of experiments. In the combined group of 
experiments the weight ratio between two components in 
all subgroups was 1:4.5 (diazepam/morphine) with the dose 
range from 0.1 mg‘kg~! to 1.0 mg-kg=! for diazepam and 
0.45 mg-kg-l to 4.5 mg-kg-l for morphine. With the 
second step, an algebraic fractional analysis of drug 
interaction at the EDsg level {5) was used to determine 
the degree of diazepam-morphine synergism. The effect 
of diazepam-morphine combination on PaCQ 9 was studied 
separately in rats with arterial catheters implanted before 
the day of the experiment. Arterial blood gases were 
measured using an IL System 1301 Blood Gas Analyzer. 


Results. The EDsg level for diazepam was 7.6 (4.7- 
12.4) mg-kg—, and for morphine - 32.1 (27.0-38.1) 
mg'kg-1. At the same time, the EDsq level for diazepam- 
morphine combination was 0.4 (¢.3-0.6) mgkg-l (diazepam 
component) and 1.8 (1.2-2.6) mg-kg~/ (morphine 
component). Comparison of the combined and single-drug 
ED50 doses (see table) shows that the sum of the 
fractional doses was nine-fold less than a single-drug 
fractional dose (0.11 vs 1.00, p<0.0001). 


Discussion. Thus, interaction between diazepam and 
morphine in rats results in a nine-fold increase of hypnotic 


potency (combined vs single-drug). In surgical patients, 
naloxone (6 pekgel, iv) has been found to antagonize the 
diazepam-induced anesthesia (6). This finding suggests 
that cpioid and benzodiazepine receptors are 
complimentary for hypnotie effect. Profound diazepam- 
morphine synergism obtained in our experiments may be 
explained by the above assumption. 


Table. Diazepam-Morphine Hypnotic Interaction 


Fractional Equi-Effective Doses (EDs) of 
Diazepam-Morphine Combination 


Sum of 
Diazepam Morphine Fractional 
Groups Component Component Doses Ratio? 
D 1.00 0.00 1.00 _ 
(7.6)8 
D+M 0.05 0.06 0.11 9.1 
(0.4)8@ (1.8)8 p<0.0001 
M 0.00 1.00 1.00 — 
(32.1)8 
D - diazepam group, D+M - combined diazepam- 


morphine proup, M - morphine group 

a - in mg-kg~ 

b - ratio of single-drug fractional dose to combined 
fractional dose 


The p value denotes the significance of the difference 
between combined fractional dose and single-drug 
fractional dose. 
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Introduction. Abdominal surgery occasionally 
requires a brief restoration of neuromuscular 
blockade to facilitate peritoneal and abdominal wall 
closure. Administration of succinylcholine (Sch) 
would appear to be ideal, but the combination of a 
depolarizing with a nondepolarizing muscl¢ selaxant 
is both controversial and unpredictable. ’© This 
study was undertaken to observe the effect of Sch 
when administered at various levels of recovery from 
an atracurium-induced neuromuscular block. 


Methods. After approval of the study from the 
hospital research committee, 32 ASA class I or II 
patients undergoing elective surgery gave informed 
consent. They were randomly assigned to one of four 
study groups with eight patients in each. All 
patients receivec morphine (0.15 mg/kg) im one hour 
preoperatively and, after a defasciculating dose of 
atracurium (0.05 mg/kg) anesthesia was induced with 
sodium thiopental (3-7 mg/kg). Sch (1.5 mg/kg) was 
then administered to facilitate endotracheal intuba- 
tion and anesthesia maintained with 0.7% isoflurane 
(end-tidal concentration) and 60% N.O in 05. Neu- 
romuscular blockade was monitore using the 
integrated evoked electromyographic (IEEMG) response 
with the Datex Monitor. When the first twitch (T,) 
had fully recovered from the intubating dose of Sch, 
atracurium (0.15mg/kg) was administered to induce 
neuromuscular blockade. Spontaneous recovery of T 
was abserved at 20-s intervals until it had returned 
to one of four preassigned values. Patients in group 
I received 0.5 mg/kg of Sch when T, returned to 20% 
and those in grcups II, III, and 1V received the 
same dose when T} returned to 40, 60, or 80% of con- 
trol respectively. The T, and train of four (T,) 
response were observed at 20-s intervals for at 
least 3 min after the administration of Sch. The 
data were analyzed using the Chi-square test. A P 
value less than 9.05 was considered significant. 


Results. In all patients in groups I and II, 
administration of Sch was followed by antagonism of 
the existing nondepolarizing block. In group III, 
Sch antagonised blockade in seven patients, and 
potentiated it in one. In group IV, potentiation 
occurred in six patients and antagonism in only two. 
These results arə summarized in the table. 


TABLE 
GROUP I II 


Antagonism 
Potentiation 
*P < ¢.05 (Group IV vs Groups I, II, and III) 


Discussion. The precise mechanism of action of 
Sch in the presence of a nondepolarizing block is 
unknown. Sch may mimic acetylcholine (Ach) at the 
presynaptic receptor leading to increased mobiliza- 
tion and storage of Ach in the nerve terminal.” Ach 
is then available in increased concentration to com- 
pete with atracurium at the postsynaptic receptor. 
Also, in the presence of a nondepolarizing block, 
Sch may compete with the atracurium for the post- 
Synaptic receptor resulting in antagonism of the 
existing block, However, if a critical number of 
postsynaptic receptors are free, T, > 80%, the 
effect of Sch on the postsynaptic receptor may 
predominate and induce a depolarizing block. This 
study demonstrates that the effect of Sch, admin- 
istered in the presence of a partial nondepolarizing 
block, is critically dependant on the level of block 
that exists at the time of administration. Neuromus- 
cular blockade monitors currently used in clinical 
practice do not sufficiently quantitate the level of 
block to allow reliable prediction of the effect of 
Sch administered in this setting. The practice of 
administering Sch to facilitate abdominal closure in 
the presence of a partial nondepolarizing block can- 
not be recommended because antagonism of the exist- 
ing block, rather than the desired effect, is more 
likely to occur if the precise depth of the block is 
not known, 
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INTRODUCTION: Preoperative tests are frequen-_y 
ordered by surgeons based on what they think <ke 
anesthesiologist requires to anesthetize the pē- 
tient. This defensive approach may generate excess 
preoperative testing, particularly in health 
patients. To identify a minimum set of tests 
required for anesthesia care of ASA PS I and O 
patients, our day surgery unit (DSU) anesthesi 
staff developed a preoperative testing algoritbr 
(Table). No similar algorithm was used for ir 
patients (INFTs) at our institution. We used thre 
approaches to determine whether the DSU algorithm 
was effective in reducing preoperative testing ari 
whether any untoward perioperative events might hev> 
been avoided with additional tests. 


METHODS: Study 1: For the first approach, w= 
focused on differences in test use between simila- 
groups of INPTs and DSU patients who underwen= 
surgical artaroscopy of the knee or diagnosti= 
laparoscopy. Data for this approach were from a 
study we conducted of resource utilization for IÈ? 
and DSU care’. Study 2: To determine whether tna 
DSU algorithm omits tests that might predi=z: 
untoward events, we reviawed the records of al_ 
patients admitted to the hospital following DSU caze 
between Januazy 1984-July 1986. Preoperative tests 

PS, surgical procedure and reason for admission weze 
recorded, and the anesthesia, operating room anc 
recovery room records were reviewed to determine 
whether the results of any preoperative tests woulc 
have suggested the likelihood of admission. 

Study 3: To determine whether the algorithm might >e 
appropriate for INPTs, we identified patient age. 
preoperative tests, current medications, PS aac 
untoward perioperative events from the records ai 
all 1,015 elective orthopedic surgery INPTs diz- 
charged between July 1984-June 1985. The DEL 
algorithm was applied to this group of patients tc 
determine the number of preoperative tests it wou -c 
have generated and whether tests not indicated Ey 
the algorithm might have suggested the likelihood cf 
any of the untoward events that occurred. 


RESULTS: Study 1: Findings from the previous stucy 
indicated that a significantly greater proportion cf 
INPTs undergoing each procedure had preoperative 

EKGs, chest X-rays and Panel 6 tests than did thetr 
DSU counterparts (p<.01 to p<.05). For example, =% 
of DSU arthroscopy patients had a Panel 6 vs. 92% ch 
their INPT counterparts. Study 2: The most commcm 
reasons for tke 100 PS I and II DSU patient admis— 
sions (out of 9,616 procedures) were vomiting, 
bleeding or pain. All cases of bleeding were due t 


extensive surgery. Two patients with abnormal 
preoperative EKGs were adnitted to rule out myc 
cardial infarction. Therefore, none of the 102 


patient admissions would kave been anticipated by 
tests other tkan those indicated by the algorithm 
Study 3: 891 ozthopedic INPTs (88%) were PS I or IL 
Depending on the test, 41-96% of INPTs under 4) 
years of age (n= 503) had one or more tests noz 
required by the algorithm (e.g., 41% had EKGs, 692% 
had Panel 6s, 69% had PTs and 96% had UAs), 


indicating that 2,357 "extra" tests were performed 
for this group alone.(Figure) At least 78% of PS 
I and II INPTs over 40 had one or more tests not 
indicated by the algorithm. Chart review for the 
10% of patients with untoward perioperative events 
indicates that none of these events would have 
been articipated by tests not indicated by the 
algorithn. 


DISCUSSION: A preoperative testing algorithm for 


PS I and II DSU patients produced far fewer 
preoperative tests for DSU patients than for 
comparable INPTs. Moreover, additional preopera- 
tive tests would not have suggested any of the 100 
DSU patient admissions. Had the algorithm been 
used to determine testing of the 891 PS I and II 
orthopecic INPTs, at least 41% of preoperative 
tests may have been eliminated without contri- 
buting ‘to untoward events. Specifying the pre- 
operative tests necessary for anesthesia care in 
PS I ani II patients may effectively and safely 
reduce unnecessary preoperative testing and its 
attendant costs. 


REFERENCES: 


l. Kitz DS, et al: Inpatient vs. day surgery: 


Differences in resource use, patient volume 
and anesthesia reimbursement. Anesth Analg 
1987; 66:S97. 


Table: Preoperative Testing Algorithm 
Years of Age antihypertensive 
under 40 40-59 60+ or diuretic use 
CBC yes yes yes yes 
EKC no yes yes yes 
Chest X-ray no no yes yes 
Parel-6 no no yes yes 


FIGURE 1: PERCENT OF PATIENTS<40 YEARS OLD 
RECEIVING EACH TEST 
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Introduction. We previously demonstrated that high 
degrees of hemodilution are not tolerated in the 
presence of severe myocardial depression! - However, 
little is known about the effects of hemodilution in 
the presence of myocardial infarction (MI). This 
study was designed to evaluate the hemodynamic 
respense to 25%, 38% and 50% reduction of hematocrit 
(Het) in rats in the presence of significant MI (> 
25%). ‘ 
Materials and Szudy. Studies were performed on 58 
male Sprague-Dawley rats (body weight (BW) between 
250-350 gm). After induction of MI using coronary 
artery ligation technique, these animals were 
subdivided into those who had developed MI and those 
in whom coronary ligation had failed to produce MI. 
Three to six weeks after coronary ligation, the rats 
received pentobarbital anesthesia (50 mcg/kg IP), 
were tracheotomized, and ventilated with room air. 
Arterial pressures were recorded from the right 
femoral artery; left ventricular pressures were 
obtained by a PE 50 tube passed to the ventricle via 
tne right carotid artery. Following thoracotomy, 
electromagnetic flow meter probe was applied to the 
ascending aorta, allowing continuous recording of 
cardiac output (CO); 30 minutes after thoracotomy, 
hemodynamic indizes were obtained as baseline prior 
to hemodilution. Isovolumic hemodilution was 
achieved with slowly withdrawing blood (1.7, 2.4 and 
3% of rat's BW) from a femoral artery, and 
simultaneously r2placing it with hetastarch solution 
in normal salire (Hespan) to reduce Het by 25, 38 
and 50%, respectively. Hemodynamic indices were 
measured after 15 minutes of stabilization. Acute 
volume expansion (40 ml/kg/min, for 45 sec) test was 
performed to determine peak CO and left ventricular 
end diastolic pressure (LVEDP) at which peak CO 
occurred. Peak stroke volume (SV) was calculated 
from CO and heart rate (HR) and peak cardiac index 
(CI) was calculated as CO divided by BW. At the end 
of tne experimert the heart was arrested in diastole 
with potassium chloride. Passive pressure-volume 
relation was performed and ejection fraction index 
(EFI) was derived from SV and LV diastolic volume 
corresponding zo LVEDP. The left ventricle was 
examined histolcgically to determine infarct size. 
Results. At lcw levels of hemodilution (25% and 38% 
reduction of Het) in no MI, the reduction in total 
peripheral resistance index (TPRI) was associated 
with an appropriate increase in CI so that mean 
arterial pressure (MAP) was not significantly 
changed. However at 50% reduction of Het, no MI 
group reduced MAP (-17%) despite apparent 
Preservation of cardiac performance (EFI and peak 
CI). On the other hand, MI produced a reduction in 
cardiac performance even in absence of hemodilution 
(decreased EFI and decreased peak CI). At low level 
of hemodilution (25% reduction of Het) in the group 
with MI, the increase in CI during hemodilution was 
restricted; however, MAP was still maintained as 


compared to blood pressure levels in the MI group 
not subjected to hemodilution. At 38% and 50% 
reduction of Het, MI group reduced MAP (-12 and 
-34%, respectively) in association with a decrease 
in cardiac performance (EFI and peak CI) indicating 
that the response of CI was inadequate for the 
reduction of TPRI. This alteration in cardiac 
performance at the 50% reduction of Hct was more 
marked in the MI group than in no MI group. 


Discussion. Hemodilution was shown to have an 


inotropic effect, that is partly dependent on 
autonomic nervous system stimulation. This was true 
in our study, in hearts without MI when low levels 
of hemodilution were used. This effect was, 
however, not detected in MI hearts. The alteration 
in cardiac performance at all levels of hemodilution 
was more marked in MI than in no MI hearts, in 
particular at high levels of hemodilution. Thus, in 
both MI and no MI groups, the increase in CO 
secondary to hemodilution, was progressively 
restricted in relation to the degree of reduction of 
Het so that, at high levels of hemodilution the 
reduction in TPRI mandated by local tissue needs was 
not compensated for, with a resultant decrease in 
MAP; these changes were more accentuated in the MI 
group. 

In conclusion, impaired ventricular function may 
interfere significantly with the compensatory 
mechanisms induced by hemodilution. It seems 
plausible therefore to suggest that less 
hemodilution (< 38% reduction of Hct) be used in the 
presence of impaired cardiac function and that Hct 
values should be increased when hypotension is 
related to hemodilution. 

Reference Estafanous FG, Selim W, Tarazi RC: 
Effects of cardiac depression on hemodynamic 
ro pongen to hemodilution. Anesthesiology 63:438, 
1985. 


EFFECT OF MYOCARDIAL INFARCTION ON HEMODYNAMIC RESPONSE TO HEMODILUTION 


IAH 24% H 1.7%K NoH 

No MI MI No MI MI No MI MI No MI MI 
Number in group 11 5 8 7 9 5 7 6 
HR B 403 410 42 426 a4 46 45 34 
bpm A 3900 v5 3970 3960 4150 300 422 wv 
cl B 192 185 2i4 207 176 184 199 160 
mlminkg A 2430 168% 2580 230 2060 203 168 154 
MAP B 5 6 c] %3 9 106 110 %5 
mmHg A 73% Koar 8 82o 101 100 103 %5 
TPRI B 0.47 055 a45 0.48 0.60 060 0.60 Q61 
mmHo/mlminkg A oxo axo axo 038% oso% 052 O57 Q61 
LVEDP B 27 53a 24 SOx 20 41 22 39 
mmHg A 396 59 410 69 320 44 28 41 
Peak Cl 340 Bln æ 280% 37 n2 am 22x 
m¥minkg 
EFI 76 eR 69 ae os 42% & IR 


te 


Values are mean. H - Hemodilution, B - before hemodilution, A- after hemodilution. 

ByvsA-4-p<0.05,6-p<001 wane, 

Mlvs No MI in the same hemodiluton group — fr -p < Q05, 8 -p< 0.012- 7 L A 
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Introduction: Intracutaneous electrical stimulation (IES) has been shown to elicitzah 

refated late cerebral potentials (EP) in healthy volunteers (1). The major u= cf 
evoked potentials in pain research has thus far focused on acute experimental 3.111 
where the EP- amplitudes were shown to correlate with the painfulness o` he 
stimulus (2) and to be reduced in a graded manner by opiate analgesics, aspirirsd 
imipramine (1). The aim of this study was to investigate if this holds true in gesa 
anesthesia with halothane /nitrous oxide anesthesia in surgical patients. 


Methods: After institutional approval and written informed consent had teen 
obtained, EP due to IES were studied in 10 female patients free of CNS-ac™e 
drugs in the age of 38-57 years scheduled for elective surgery. In a prelimi 
session before induction of anesthesia (without premedication) the indivi ia 
sensation- and pain- thresholds were determined. EP were elicited by random=ed 
stimuli of 2- to 3-fold pain threshold every 10 to 20 sec. Electroencephalogan 
(EEG) and electrooculogram recordings (bandpass: 0.5-30 Hz ) were storec cr 
Magnetic tape for off-line processing. EEG- and EP-recording sites were vertexcvs. 
linked earlobes. After digitization (100/s) EP were averaged over 40 stimuli witen 
analysis time of 1000 ms. Prestimulus EEG was processed by fast fovi-r 
transformation. Double recordings were performed the day before surgery ard 
immediately before irduction of anesthesia with etomidate (0.3 mg/kg body wei £) 
and vecuronium (0.08 mg/kg body weight). Patients were mechanically ventilated a13 
PeyCOs was held constant at 35-40 mmHg. Heart rate and blood press-r2 
(Dinamap™) were monitored continously.10-15 min after the start of nitrous oxds 
(FlO9=0.3) and halothane (0.8-1.0 Vol%) admixture the first post-induct 3 
stimulus block was started. After recording of at least two blocks (30-40 ria 
later) the admixture of nitrous oxide was terminated (FIOg=1) and recordings ware 


done under halothane anesthesia (0.8-1.0 Vol%) with the same and afterwards wih 
tenfold stimulus strength. Subsequently 0.25 mg Fentanyl i.v. was given. Averacd 
EP-amplitudes were subjected to statistical analysis by Dickson-Mood sign test = 
Statistical significance was assumed at p < 0.05. 


Results: Preinduction late EP components were comparable to those recorded in 1 
laboratory in a population of healthy volunteers (1,2) . Main components consisted C .1 
vertex negativity at 130 ms (N130) and a positivity at 250 ms (P250) with a meer 
peak to peak amplitude of 20 uV. In the preinduction-EEG alpha activity was 
dominant. Induction ard maintenance of an2sthesia resulted in an increase of EES 
power in both the low frequency (delta-, theta-band) and in the high frequency rare 
(beta1-band) during halothane/ nitrous oxid2 application. Late EP components wee 
abolished (amplitudes < 6) during halothane / nitrous oxide anesthesia. Lowerkc 
anesthetic depth by terminating nitrous oxice admixture did not reestablish late EE 
but the 10-fold increase in stimulus intensity at this stage lead to reproducible EE= 
in the range of 100 - 400 ms with interindividual different shapes. Mean amplitude- 


(x=21 uV) were not significant different to control.These EP components could be 
suppressed again by application of 0.25 mg fentanyl. 


Discusstcn: This study has been able to reproducibly record late cerebral EPs due to 
intracutaneous electrical stimulation during general anesthesia in the operating room. 
Such potentials have been demonstrated to be correlated to pain sensation in the 
laboratory in populations of young healthy volunteers (1). Corresponding to the 
anesthetic depth there was a change in the prestimulus EEG and in the late EP 
components. Additionally the results confirm the well known observation that 
halothane alone has no major analgesic potency. The recently developed method of 
intracutane us electrical stimulation may thus open a new way of monitoring analgesia 
intraoperatively. 


N130 / P250 


amplitude (uV) 





Figure 1: intraoperatively recorded amplitudes of EP-component N130/P250 
(mean + SD) elicited by intracutaneous electrical stimulation ( IES ); 
C=control; H/N=halothane ( 1.0 Vol% ) / nitrous oxide ( FIO2 = 0.3 ); H = 
halothane ( 1.0 Vol%; Fl02 = 1 ); H7 F = halothane (1.0 Vol%; FlO2=1)/- 


fentanyl (0.25 mg). + p<0.05 vs control 
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FIRST PASS UPTAKE OF LIDOCAINE, DIAZEPAM AND THIOPENTAL IN THE HUMAN LUNG 
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Introduction. In addition to exchange of gases, the 
lung has important non-respiratory functions such as 
uptake and metabolism of vasoactive compounds and exo- 
genous drugs. Animal studies have suggested that the 
extent of pulmonary drug uptake is dependent on physi- 
cochemical properties of the drug with basic lipophilic 
amines exhibiting the highest lung tissue to blood com- 
centration ratio. This uptake is rapid, extensive and 
occurs as a resu_t of simple diffusion from blood in 
the lung. Limited studies in man have shown very high 
first pass uptake of lidocaine (60%) , propranolol (752), 
fentanyl (75%) anc meperidine (60%)°. This study invest- 
igates the role of pulmonary drug uptake in man and 
the importance o= the drug's physicochemical proper- 
ties by comparing the first pass uptake of the lipophi- 
lic crugs lidocaine (L), diazepam (D), and thiopental (T). 

Methods. Twenty-three ASA Class I-III subjects were 
studied prior to elective surgery. All studies were 
performed in accordance with and approved by the human 
studies committee and informed consent was obtained. 
In none of the patients was there evidence of lung 
disease. The patients were divided into three groups 
according to the drug studied. Radial artery cannula, 
CVP or Swan Ganz catheters were utilized for monitoring 
purposes, drug injections, and blood withdrawls. Pre- 
operative medica-ion was limited to morphine 4-10mg. 

First pass uptake of L (30mg), D (10mg), or T (25mg) 
was determined using a multiple indicator dilution 
method with indocyanine green dye (ICG) 10 mg as the 
vascular indicator. After injection of a 2.0ml bolus 
of drug and dye into the CVP catheter, blood was with- 
drawn from the radial artery and collected in 1 sec. 
fractions. The blood ICG concentration with time was 
determined from absorbance at 805nm and blood concen- 
tration of L, D and T were determined by gas-liquid 
chronatography. Cardiac output (CO) was calculated 
from the area under the ICG curve and the Z of injected 
drug taken up in the first pass “by” the lung was cal- 
culated from the difference in the area under the ICG 
and drug curves at the time when 95% of the ICG had 
passed through the lung. 

Body Age co 2 
Dru N Wt.(1b) (Yr.) (1/min) uptake 
Lidocaine 8 175+19  62.0+3.6 4.91+.34 60.5+7.4 
Diazepam 8 182+16 59.943.5 6,114.78 33.8+3.7% 
Thiopental 8 185+10 49.4+4.8 6.234+.57 15.842.4%# 


*Significantly different from L at P <0.01 
*#Significantly different from D at P< 0.05 

Results. The body weight, age, CO as well as drugs 
uptake are shown above. No significant differences in 
these parameters were observed between the three groups. 
There was no apparent correlation between CO’ and drug 
uptake. Figure 1 represents an example of first pass 
uptake curve in the human lung for lidocaine. Differ- 
ence in the area under the ICG and L curves indicates 
64.7% uptake of the drug for this patient. For all 
seven patients, uptake ranged from 36-81% with a mean 
HSE of 60.5+7.4% (above). The first pass uptake of D 
ranged from 16-46% of the injected dose with a meantSE 
of 33.8+3.7% (above). Finally, the first pass uptake of 
T ranged from 7-24Z with a meantSE of 15.8+2.4% (above). 

Discussion. The much greater uptake of L as compared 
to D and T could be explained on the basis of their 
differences in physicochemical properties. While all 
are lipophilic, L is a basic amine (pKa 7.9) whereas D. 
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is a nonbasic amine OKE 3.4) and T is an acidic com- 
pound. The uptake of D was significantly greater than 
T (P<.05) further suggesting the importance of an amine 
nitrogen in pulmonary uptake. Plasma protein binding 
may also be involved in the low uptake of D since mini- 
mal uptake was found in the isolated perfused rat lung 
(IPL) in the presence of albumin. However, omission of 
albumin from the artificial perfusate resulted in a ten 
fold increase in the uptake of Din the IPL4 It may be 
that the binding affinity of nonbasic drugs is much 
greater for plasma albumin than for lung structures 
whereas the reverse is true for basic lipophilic amines 
which bind primarily to acid glycoprotein. 

An important aspect of the high first pass pulmonary 
uptake of L is the effect on its plasma pharmacokinetics. 
This early rapid pulmonary sequestration of the major 
fraction of an injected dose of L decreases the peak 
plasma level of L by several fold and moderates the rate 
at which it enters the systemic circulation. This may 
contribute significantly to the safety of lidocaine as 
well as other basic lipophilic amine drugs which show 
similar high first pass pulmonary uptake. Any situation 
which decreases this high first pass pulmonary uptake 
could expose other organs to much higher plasma con- 
centrations of the drug. The presence of other basic 
lipophilic amines for example could compete with the 
first pass uptake of L. In addition, acute or chronic 
lung injury, manipulation by the anesthesiologist (one 
lung anesthesia), changes in lung perfusion (pulmonary 
embolism), or prolonged periods of cardiopulmonary by- 
pass may decrease first pass lung uptake and increase 
peak plasma concentrations of the drugs in the blood 
entering the systemic circulation. 

REFERENCES. 1) Jorfeldt L, Lewis DH, Lofstrom JB, 
Post C: Lung uptake of lidocaine in healthy volunteers. 
Acta Anesthesiol Scand 1979;23:567-584 2) Geddes DM, 
Nesbitt K, Trail T, Blackburn JP: First pass uptake of 
14, propranolol by the lung. Thorax 1979;34:810-813 
3) Roerig DL, Kotrly KJ, Vucins EJ, et al.: First Pass 
Uptake of Fentanyl, Meperidine, and Morphine in the 
Human Lung. Anesthesiology 1987367: (in press) 

4) Roerig DL, Dahl RR, Dawson CA, Wang RIH: Effect of 
plasma protein binding on the uptake and efflux of 
methadone and diazepam in the isolated perfused rat 
lung. Drug Metab Dispos 1984;12:536-542 
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Introduction. Clinica. evidence suggests that rer 
borns may be more susceptible to halothane-induced hr>- 
tension than adults,’ and isolated cardiac muscle fon 
newborn rabbits is more sensitive than that of adult rav- 
bits to halothane-induced depression of contractility.* 
Thus, clinical hypotension in newborns is due at least in 
part to a direct action of halothane upon the myocardium. 
The mechanisms of action of halothane on newborn myocar- 
dium are undefined; one or more steps in the contractile 
process may be more sensitive to halothane depression in 
the newborn than adult heart. The purpose of this sti7 
was to compare the effect of halothane on Ca?*-activation 
of the contractile proteins in skinned myocardial celis 
from newborn and adult rabbits. 

Method.? Newborn (1-3 day-old) and young adult (2- 
3kg) New Zealand white rabbits were sacrificed and bie 
hearts were rapidly isolated. Right ventricular striz 
were gently homogenized in relaxing solution (pCa>9) in 
order to disrupt the sarcolemma. Fiber bundles (1-200 
long, 100um wide, and 10-20ym thick) were mounted in clips 
with one end attached to a photodiode tension transdu@>. 
Isometric tension was recorded with a Gould 2400S 4- 
channel recorder. Newborn and adult preparations wre 
studied simultaneously to assure identical conditions. | 

The bathing medium contained (in mM): Mg 2+ 1; K K*,35; 
Na*,35; MgATP? ,2; creatine phosphate” ,15; EGTA, 7; imide- 
zole; and propionate (major anion). [Cat] used wre 
<10°°M (pca>9), 10 °*° to 10 ~S*6M  (pCa=5.0-5.6), arc 
10 °*°M (pCa=3.8). Ionie strength was 0.15, and pH 7.04 
0.02 at 2042°C. Partial pressures of halothane (1,2 & 3% 
in experimental solutions were regulated with a Verai- 
Trol vaporizer using reagent grade N, as the carrier ges. 

Each fiber bundle was immersed in a series of cont7cl 
solutions (equilibrated with 100% N2), then in a series cf 
test solutions (equilibrated with N, plus halothane), arc 
finally in control solutions again. Each such series cf 
solutions alternated relaxing solution (pCa>9) with cor- 
tracting solutions (pCa=3.8-5.6); solution changes were 
made after steady-state tensions had been observed. Isc- 
metric tension development was measured for each contrazt- 
ing solution. The Ca2* sensitivities of the preparatiors 
were determined by comparing the ratios of the tens-™ 
developed at each pCa to the tension development at pte 
3.8. The effect of halothane on newborn and adult myocar- 
dial fibers was expressed as % of the mean of the =< 
bracketing control values. Data were converted to a ner— 
mal distribution with the arc-sine transformation prior tc 
comparison using Student's t-test for paired and unpaired 
data. P<0.05 was regarded as statistically significant. 

Results. Newborn myocardial fiber bundles exhibi zel 
a slight but significant increase in sensitivity to Ca- — 
activation (leftward shift o? the Ca 2*-activation cure) 
compared to adult fibers. The pCa's associated with SCE 
of maximal contraction (pCas,) were 5.43 and 5.31 Zœ 
newborn and adult, respectively (Fig. 1). 

Halothane decreased the magnitude of maximal Caz*— 
activated tension (at pCa=3.8, Fig. 2) to a similar degre 
in newborn and adult myocardium. The effect was doze—- 


dependent (slope=5.9% depression per % halothane). 

Halothane also decreased adult submaximal Ca?*- 
activatei tension (at pCa=5.0-5.6), so that a rightward 
shift of the Ca?*-tension curve occurred at each concen- 
tration of halothane, but only at 3% halothane with new- 
born fibers (Fig. 3). 

Discussion. Halothane caused less depression of new- 
born than adult Ca?*-tension curves, but similar degrees 
of depression of maximal Ca2*-activated tension develop~ 
ment. ‘The greater sensitivity of skinned newborn myocar- 
dium to Ca*” (Fig. 1) suggests a higher affinity of the 
newborn regulatory proteins (troponin C) for Ca2*, which 
is consistent with the resistance of submaximal Ca? 2+. 
activation of the newborn contractile proteins to halo- 
thane depression (Fig. 3). 

Furthermore, the depression of maximal Ca?*~activated 
tension (Fig. 2) agrees with the inhibition by halothane 
of actoryosin ATPase,” which could be due to depression 
of the number or strength of cross-bridge interactions. 
We conclude that the effect of halothane on the myocar- 
dial contractile proteins cannot account for the greater 
depression of newborn myocardial contractility observed 
in isolated intact preparations.? Additional mechanisms 
lead to the greater sensitivity of the newborn heart to 


and HLO1100 (RCDA to J.Y.S.). 
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Fig 1. Ca@*-activated 
tension curves of newborn 
and adult contractile 
proteins. 





6 5 4 
-og [ Ca** J (M) 
8 100 
E RA t 
ó s B~ t 
k Sa Fig. 2. Effect of halo- 
O 60 
5 Š thane on maximal Ca 
g activated tension. 
a% 1 2 3 
[ HALOTHANE J (%) 
ADULT MYOCARDIUM NEWBORN MYOCARDIUM 
s$ a Fig. 3. Effect of 
l eo 2% halothane on 
40 o comma the Ca**-activated 
20 @ HALOTHANE tension curves. 
o 


eat cat* 100 


* p<od. 05 Adult vs. newborn 
t p < 0.05 compared with control 


ANESTH ANALG _— S121 


ABSTRACTA 1988;67:51-8266 
Title: ANZSTHESIA GAS DELIVERY SYSTEMS AND ANCILLARY MONITORS - A SURVEY OF IOWA HOSPITALS 
Author: V. Kumar, M.D.*, Michael S. Hintze**, Arlene M. Jacob** 


Affiliation: *Department of Anesthesia, University of Iowa College of Medicine, Iowa City, Iowa 52242 
*kTowa Department of Public Health, Des Moines, Iowa 50319 


Introduction. Failure of anesthesia 
machines or inadequate monitoring of the gas 
delivery is a major cause of preventable mishaps 
during anesthesia. Various regulatory agencies 
have recommendei standards for anesthesia 
equipment but no data is available on how the 
practice is followed in a community. This survey 
was conducted to evaluate the mechanical 
performance of anesthesia gas delivery systems 
(AGDS) and ancillary monitors in Iowa Hospitals. 


Methods. The survey was conducted by the 
Iowa Department of Public Health (IDPH) in 
collaboration with the Department of Anesthesia, 
University of Iowa College of Medicine, under a 
contract from the Center for Devices and 
Radiological Health of the Food and Drug 
Administration (FDA). All hospitals in the State 
of Iowa were prorated according to their bed 
capacity and 45 hospitals out of 129 were randomly 
selected to represent the various sizes of 
hospitals. Voluntary participation was sought 
from the hopsitals by assuring them anonymity with 
the specific data throughout the project and 
during the final report. One hospital expressed 
concern regarding the release of information it 
considered proprietary and was replaced with 
another facility. 


The survey consisted of a questionnaire and 
on site inspection of the AGDS. The questionnaire 
was sent to the Chief of Anesthesia and 
Administrator of participating hopsitals seeking 
information about the number of AGDS, number of 
years in service, maintenance history, 
modifications performed on machines since 
purchase, number of procedures performed per year 
using them, and the number of personnel involved 
in using AGDS. Once the questionnaire was 
returned, on site inspection of the anesthesia 
system was completed, according to guidelines 
prepared by us from recommended standards by 
various regulatory agencies and manufacturers. An 
approval of these guidelines was obtained from the 
Center for Devices and Radiological Health of Food 
and Drugs Administration. The on-site inspection 
of AGDS involved checking of piped and cylinders 
gases, inspecticn and accuracy of flow meters, 
placement and callibration of vaporizers, gas 
leaks in machines and examination and functioning 
of ventilators. Each AGDS was also inspected for 
presence and proper functioning of oxygen 
analyzers, ventilator rate and pressure alarms, 
oxygen/nitrous flow ratio alarm and oxygen 


pressure fail-safe mechanism. Liquid anesthetic 
samples were ccllected from 32 vaporizers and 
analyzed for any contaminents using gas 


chromatography interfaced to a mass spectrometer. 
Riken portable gas analyzer was used to measure 
accuracy of vaporizers. A written report of the 
inspection of each AGDS was provided to the 
hospitals and a copy of the final report was sent 
to each hospital at the conclusion of the survey. 


Results. One hundred sixty-nine anesthesia 
machines were tested at 45 hospitals with 
anesthesia capabilities. These hospitals 
performed 67,243 procedures utilizing AGDS during 
1985. The machines ranged in age from 1 to 28 
years, with 47.3% manufactured since 1980, 
39.1% between 1970-1980, and the remaining 13.6% 
prior to 1970, the oldest machine in operation was 
manufactured in 1958, Regular maintenance was 
provided for 112machines by the manufacturer while 
55 machines were maintained by independent 
contractors. Two machines, designated as back- 
up machines received no maintenance. There was no 
back-up supply of oxygen on five machines and 15 
machines had leaks over 500 cc/min. Three hundred 
eighty-three vaporizers were examined, twenty of 
them were downstream to the common gas outlet. 
Fourteen vaporizers did not meet manufacturer's 
recommended calibration limits. None of 32 liquid 
anesthetic samples analyzed showed any 
contaminents. All flow meters and ventilators 
performed within the guidelines specified. A 
summary of ancillary monitors and alarms present 
and functioning on AGDS is shown in Table 1. 


Summary of Monitors and Alarms 


Device % of machines Z working 
with device 
Oxygen monitor 75.1% 85.82 
Ventilator rate monitor” 19.52% 83.3% 
Ventilator low pressure alarm 87.0% 97.22% 
Ventilator high pressure alam 25.22% 93.5% 
Oxygen/nitrous flow ratio alarm 18.9% 1004 
Oxygen pressure failsafe 100% 100% 


k 
Percentage based upon 123 machines equipped with a ventilator. 
t 


Discussion. There was no correlation between 
the age of the AGDS and number of malfunctions 
observed. We were surprised to find that 40% of 
the machines in active use lacked essential 
monitoring devices such as an oxygen analyzers and 
a ventilator/airway pressure alarm. ANSI, ASA 
and other regulatory agencies are working toward 
newer standards for anesthesia equipment and 
monitoring during anes thesia, it is evident from 
this survey that such recommendations or standards 
are poorly followed. It is our conclusion from 
this survey that a large number of AGDS without 
essential monitors are in service predominantly in 
rural hospitals of Iowa. Most of the anesthesia 
providers in these small hospitals have no 
decision making authority in updating or replacing 
antiquated equipment. 
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Introduction. An ideal anesthetic technique îr 
the outpatient setting should provide adequate 
anesthesia, stable cardiopulmonary function, and 
uneventful recovery. Recently, several agents have 
been proposed to provide such conditions. 
Alfentanil (A) has a pharmacokinetic profile that 
is highly suitable for outpatient procedures. 
Sufentanil (S), another short acting narcotic 
thirty to forty times more potent than A, has not 
been studied extensively for outpatient procedures. 
We compared the quality of anesthesia and recovery 
of outpatients undergoing laparoscopy using a 
balanced anesthesia technique with equianalgesic 
doses of A or S. 


Methodology. Forty-five unpremedicated 
patients consented to participate in this 
institutionally approved randomized, double blind 
study. One mi of study drug contained either 500 
mcg of Aor 12.5 mcg of S$. All patients received 
0.625 mg of droperidol, 0.02 mg/kg of pancuronium» 
and either 20 mcg/kg of A or 0.5 mcg/kg of S. 
Then, thiopental, 4 mg/kg, and succinyicholine, 1.5 
mg/kg» were given IV. All patients' tracheas were 
intubated and 70% N,O and 30% 0, were inhaled to 
maintain general anésthesia. vénttlation was 
adjusted to maintain end tidal co, between 35 and 
40 mmHg. 

Supplemental drug injections equivalent to 7 
mcg/kg of A or 0.17 mcg/kg of S were administered 
intraoperativaly for signs of light anesthesia 
and/or if blood pressure and/or heart rate varied 
more than 20% from contro] values. If an adequate 
response was not observed, or reoccurred within 25 
minutes, a second injection of the study drug was 
administered. Then, if the second injection was 
insufficient, isoflurane was administered. Muscle 
relaxation was maintained with a continuous 
infusion of succtnylcholine 0.2%. At the end of 


the surgical procedure N0 was discontinued, Time 
to extubation, alertnesss and discharge following a 


modified Aldrete scoring system for ambulatory 
surgery were evaluated. Side effects, such as 
nausea, vomiting, pains sedation, and need for 
medication were recorded. 

A one-way ANOVA test, Fischer's exact test and 
Kruskal-Wallis Rank Sum test were used for analysis 
of HR, BP, incidence of side effects and duration 


of recovery. 


Results. Patients in both groups were similar 
with respect to demographic data. There were no 
significant differences in the amounts of 
pancuronium, succinylcholine, thiopental, and 
narcotic used for induction of general anesthesia. 
Patients in group A received more study drug than 
patients in group S: 3.2 + 0.6 ml versus 2.7 + 0.7 
ml (p < 0.02). Isoflurane supplementation was 
administered to more patients who received A than 
S: 5 of 22 versus 1 of 19. However, this 
difference was not significant. 


Blood pressure and heart rate were similar at 
all times and not significantly different from 
control values, except following tracheal 
intubation and extubation (p < 0.05). At the time 
of first surgical stimulation and skin incision BP 
and HR, although not significantly different from 
preoperative valués in either group, were 
significantly higher in patients who received A 
than S (p < 0.015). Incidence and severity of 
postoperative pain, nausea, vomiting, sedation, and 
recollection were similar in both groups. Time to 
dischargs was similar in both groups. 


Discussion. Equianalgesic doses of A and S 
have different effects. Although the depth of 
anesthesia, based upon BP and HR, was satisfactory 
in both groups, patients in group A had 
significantly greater variation in BP and HR than 
patients in group S at the time of first surgical 
stimulation and skin incision. Patients who 
received A also required more reinjection of study 
drug and additional isoflurane. These results may 
be explained in part by the different 
pharmacokinetic profiles of A and S, and suggest 
that A may be associated with less hemodynamic 
changes if given as a continuous infusion. It also 
is possible that the dosages of A and S were not 
equi analgesic. 

In conclusion, we found that S appeared to be a 
better analgesic, provided greater cardiovascular 
stability, and was easier to administer than A. 
Therefore, S may be the preferred narcotic adjunct 
during balanced anesthesia for short surgical 
procedures, especially in an outpatient setting. 
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Introduction. Pulse oximeters are widely used for noninvasive 
monitoring of arterial hemoglobin oxygen saturation (Sa02) in the 
operating room (1). However most anesthesiologists turn off the 
pulse oximeter during cardiopulmonary bypass (CPB) either 
because "zero" values are displayed or there is a constant 
"Icw-signal output" alarm and it is believed that the SaO2 values 
are not accurate. We therefore studied the usefulness and 
accuracy of pulse oximetry during and immediately after (CPB). 

h After approval by our Human Subject's Committees 
and informed consent from each patient, we studied 15 male 
patients scheduled for elective open-heart surgery. A 20-gauge 
nontapsred Teflon cannula was inserted percutaneously into a 
radial artery. A pulmonary artery catheter was also inserted via the 
right internal jugular route. Arterial hemoglobin oxygen saturation 
(SaO2) was continuously monitored with two pulse oximeters: 
Nellcor (N-100) and Ohmeda (Biox III, software version H). 
Finger probes were placed on the index fin ger (Biox ID) and the 
middle finger (N-100) on the same side as the arterial cannula. 
ECG, heart rate (HR), intraarterial pressure (IAP), pulmonary 
artery diastolic pressure (PaDP), central venous pressure (CVP), 
and $a02 were continuously recorded on an 8-channel strip chart 
recorder. The SaO2 values were compared with CO-oximeter (IL 
282, Instrumentation Laboratories) %HbO2 values measured 
intermittently from arterial blood samples. Sa02 and %HbO2 
were recorded every 10 minutes prior to CPB, 2 minutes after the 
Start of CPB and then every 10 minutes, and beginning 2 minutes 
after the discontinuation of CPB and every 10 minutes thereafter. 
Ne corrections were made for HbCO or HbMet. Statistical 
analysis was performed using two-factor analysis of variance 
(ANOVA), paired t-test, and linear regression and correlation 
analysis. 

Results, Before CPB, both pulse oximeters gave accurate 
readings in all cases when compared with CO-oximeter. The 
mean SaO2 for N-100 before CPB was 99.36+1.23 (SD), for B 
IN 98.06+1.19, and %HbO2 from the CO-ox 98.37+1.28 The r 
for N-100 vs CO-oximeter values was 0.928 and B Ill vs 
C0-oximeter 0.924, During CPB (nonpulsatile perfusion) with a 
membrane oxygenator (Shiley), the N-100 pulse oximeter 
indicated "no-pulse", and 0 SaO2 in all patients (Table 1). The B 
I displayed a “low signal output” message, but the SaO2 values 
(mean 96.7+1.1) were accurate when compared with C0-oximete 
values (97.72+0.76) in all patients (Table 1, which shows only 
the first value of each period). The lowest SaO2 value with the B 
UI during CPB was 92%. Immediately after CPB the N-100 gave 
"zero" readings in 8 patients but recovered within ten minutes. 
There was a small but significant difference between N-100 and 
CO-oximeter readings (ps.0001), but not between B NI and 
CO-oximeter values. After CPB, B II readings were 1-3% lower 
than corresponding readings from the N-100, while the r value of 
B II vs CO-oximeter was 0.824 and that for N-100 to 
CO-oximeter was 0.783. 

Discussion, Both pulse oximeters worked accurately before 
CPB. During and after CPB, if the oximeter gave readings, they 
were accurate when compared with CO-oximeter values and 
could provide useful noninvasive data. During and immediately 
after CPB some difficulties were encountered. Some of the 
difficulties during CPB could be related in part to hypothermia, 





diminished distal blood flow, and the nonpulsatile mode of 
perfusion. The problems after CPB were not associated with 
diminished peripheral blood flow, because the SVR was low and 
the periphery warm due to use of sodium nitroprusside (SNP) or 
other vasodilating agents during CPB. It is known that SNP 
decreases forearm vascular resistance by 44% measured by 
plethysmography (2). It has also been suggested that venous 
dilation may cause venous pulsations and hence falsely low 
readings of pulse oximeters (3). The discrepancy between 
calculated, CO-oximeter, and pulse oximeter SaOQ2 readings may 
be explained by the compensation or lack thereof for HbCO and 
HbMet values. 

Conclusion, The two pulse oximeters functioned accurately before 
CPB. However, during and immediately after CPB there were 
some disturbances. The extent of these disturbances seems to 
depend on the design of a particular pulse oximeter. The B III 
can be used throughout the operation during open heart surgery 
and provide accurate SaO2 values, at least within the limited range 
of this study. 
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TABLE 1 


PRE -CPB OURING CPB AFTER CPB® 

Pacient  N-1004 B- CO-Ox' N-100 Bill CO-Ox N-100 B- CO-Ox 
1 100 99 99 0 97 982 100 97 96.6 
2 9 98 9682 0 9 90 100 99 98.0 
3 9 938 -98.1 0 9 97.5 0 98 96.5 
4 100 9 98.5 0 % 97.0 0 94 982 
5 9 98 97.9 0 9 97.1 0 97 98.0 
6 100 98 96.5 0 % 97.0 0 9 98.0 
? H u 93 Q % 97.0 ro dam 

8 100 98 385 0 9 98.5 100 98 98.0 
9 100 9 992 0 %5 96.5 0 98 98.0 
10 100 38 98.4 0 % 97.6 Q 97 97.0 
YW 100 98 98.7 0 ks] 97.0 0 99 38.9 
12 100 9 99.5 Q 6 98.7 100 99 98.9 
13 100 9 993 0 9 98.1 100 100 98.4 
4 9 9 962 [i] B 99.0 0 98 982 
15 100 9 $9.5 0 % 972 100 99 98.7 

=Sa02 *=ZH_O2 + 2 minutes after CPB 
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Introduction. Among colloid solutions low mole— 
cular weight hydroxyethyl starch (LMW-HES, averace 
MW=270000, kydroxyethyl molar substitution=0.5) 
appears to have a low incidence of side effects mm 
the coagulation system and therefore seems pre— 
ferable to other solutions (1). However, a dele— 
terious effect on the reticuloendothelial systen 
(RES) function has been disputed to be induced ky 
synthetic colloids rendering patients susceptibl= 
to bacterial infections. Previously, aggregated 
albumin, was used to assess RES function (2). How— 
ever, disparicy between immunospecific or receptor— 
specific clearance and particulate clearance is 
obvious (3). We therefore investigated the in— 
fluence of LMW-HES on clearance mediated specifi— 
‘cally by RES membrane receptors. Before and after 
hemodilution we measured splenic removal of IgG 
coated particulate complexes introduced into cir— 
culation in form of anti Rh,(D) sensitized radic— 


labeled autologous erythrocytes. 


Methods. 8 male patients (aged median 
x,=58years, range 46-63 years, all of then 
9 (D+) ), scheduled for vascular surgery, gav= 
their informed consent to participate in the fol- 
lowing investigation. Nc patient had a history 
known to be associated with immunoimpairment and 
all had normal liver and kidney function and n> 
coagulation abnormality. 15m1/kg of body weight of 
blood was replaced by LMW-HES. Before and 24 hours 
after hemodilution prior to surgery and again 
ggveral weeks thereafter clearance of autologous 
Tc-labeled anti-Rh,(D) coated red blood cells 
was measured. The 2.5 minutes value after injection 
was taken as the baseline (100% survival) witi 
which the 45 minutes value was compared to cal- 
culate the percentage of erythrocytes removed fron 
the circulation. Each individual served as his own 
control. The same amount of IgG coating on rei 
cells in each subsequent experiment was ensured by 
a T-radioactive antiglobulin test. Wilcoxon tesz 
for paired samples was used for statistical evalu- 
ation. 


Results. Clearance of IgG coated red blood 

cells in the study group varied already before LMW- 
HES infusion (x,=74.6% survival, range 50 - 75% 
figure). We noted no significant difference 2} 
hours after replacement with LMW-HES (x)= 66.93 
survival, range 45.6 - 82%; p>0.05). The follow-up 
study proved that each individual maintained the 
original anti-Rho red cell clearance value (x, =715 
survival, range 61.3 - 782). 
Hematocrit b2fore blood replacement was 47+3%- 
thereafter 37+3% (p<0.01). Hemodilution and 
clearance investigations were well tolerated and 
without any side effects. 


CLEARANCE OF 2 Tc LABELED IgG COATED ERYTHROCYTES 
100 


~J 
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Discussion. Fc-specific splenic particulate 
clearance was not inhibited by LMW-HES. Thus, if at 
all, Fe-receptor inhibition by LMW-HES is short- 
lived. A single patient, however, had a weaker 
clearance after the infusion. Thus, an impairment of 
RES function cannot be ruled out in all subjects. 
The test proved to be individually reproducible 
since in all patients the sequestration pattern 
approximated the pretreatment level in the follow-up 
study. Several conclusions thus can be drawn: 


1. In general, blood replacement with LMW-HES has no 
inhibitory effect on Fc-receptor mediated particu- 
late clearance. 

2. A considerable variation of test results is seen 
between individual surgical patients. 

3. Clearance of IgG coated erythrocytes remains 
constanz in the individual patient and seems there- 
fore a useful parameter in the perioperative period. 
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INTRODUCTION 


Induced hypotension is frequently employed during 
neurovascular procedures to facilitate surgery and/or reduce 
blood loss. No ideal agent as yet exists for this purpose. Calcium- 
channel blockers are potent vasodilators which may reduce the 
incidence of postoperative vasospasm and/or offer brain 
protection. A new dihydropyridine derivative, nicardipine, is 
stable in intravenous form(1) and may be'useful as a 
hypotensive agent. This study accordingly compares the 
regional distribution of cerebral blood flow and the 
corresponding change in the amplitude of the primary 
somatosensory cortical evoked potential (SSEP) during sodium 
nitroprusside-induced hypotension with that during nicardipine- 
induced hypotension. 


METHODS 


The experiment was approved by the Institutional Council on 
Animal Care. Twelve purebred beagle dogs of either sex with 
weights betwen 20 - 30 kg were studied. Anesthesia was first 
induced with Xylazine 20 mg IV and after transportation to the 
laboratory, supplemented with isoflurane. All animals were then 
intubated and mechanically ventilated to maintain end-tidal 
carbon dioxide between 35-40 mmHg. Anesthesia was 
maintained with isoflurane (end-tidal 1.3-1.4%) and pancuronium 
was given as needed. A femoral artery catheter was inserted for 
direct blood pressure monitoring and blood sampling. A left 
ventricular catheter was inserted via the other femoral artery for 
injection of radiolabelled microspheres. A triple lumen 
thermodilution catheter was also inserted for hemodynamic 
measurements. Arterial blood gas analysis was frequently 
performed to confirm the accuracy of the ETC02 and a Pa02 
greater than 100 mmHg. Sodium bicarbonate was given when 
required to keep pH in the normal range. 


Following insertion of catheters and stabilization of anesthesia, 
the animals randomly received either a nitroprusside infusion 
(0.01%) or a nicardipine infusion (0.02%). Regional cerebral 
blood flow (rCBF) was determined by injection of 15 um 
microspheres labelled with Sc46, Ce141, Sr85 or Cr51. Brain 
samples from leit and right parietal cortex, thalamus, medulla and 
pons were counted by gamma counter and converted to rCBF 
using a computer program. 

Serial rCBF was measured four times: 1. Prior to the induction of 
hypotension 2. During hypotension at a mean pressure of 
about 40 mmHg. 3. Following return of normal blood pressure 
and 4. Elevation of the blood pressure to 20% above control 
pressure using an intravenous infusion of phenylephrine. All 
measurements were taken after at least 15 minutes of stable 
blood pressure. Hemodynamic monitoring including cardiac 
output(CO)by thermodilution was determined Prior to the 
injecticn of each microsphere. SSEP was recorded from the 
right or left parietal cortex using a skull screw in response to 
stimulation of the contralateral median nerve. 


RESULTS 


Two animals in the nicardipine group were excluded due to 
cardiac arrests following nicardipine infusion, and in one 
nicardipine dog the phenylephrine-induced hypertension part 
was omitted. The percentage change in flow with serial 
measurements for all four regions are displayed in the figure. 
There was no significant change in rCBF with sodium 
nitroprusside throughout the measurement periods whereas a 


progressive reduction in rCBF was noted with nicardipine. (p 
<0.05 Dunnett's Test). In all four regions, rCBF was better 
maintained during sodium nitroprusside-induced hypotension 
compared to nicardipine-induced hypotension. This difference 
was highly significant for the thalamus, medulla and pons (p 
<0.01 two-way analysis of variance for repeated measures). The 
difference for the parietal regions was associated with p=0.06. 
There was no difference in CO between the groups. SSEP 
decreased during hypotension in the nicardipine group, but not 
in the nitroprusside group (p<0.05). Moreover, an average of 
119 + 20 minutes was required before the blood pressure 
returned to normal following the hypotensive period in the 
nicardipine group. Only 33 + 7 minutes was required in the 
nitroprusside group (p<0.005). 


DISCUSSION 


Since calcium-channel blockers may reduce the incidence of 
postoperative vasospasm and have also been demonstrated to 
have a brain protective effect under some experimental 
conditions, they have theoretical advantages as hypotensive 
agents. However, in the present experiment the rCBF was 
poorly maintained compared to sodium nitroprusside. A 40 to 
50% reduction in rCBF occurred with the onset of hypotension. 
This reduction in rCBF persisted despite return of the blood 
pressure to normal levels. The subsequent infusion of 
phenylephrine to raise the blood pressure to 20% above normal 
level also failed to have any effect on the rCBF. The findings of a 
reduction in rCBF in the somatosensory cortex is consistent with 
the reduction in SSEP amplitude in the nicardipine group. As CO 
was no different between the groups, a reduction in CO is not a 
factor contributing to the reduced rCBF. In summary, although 
nicardipine may be useful for control of hypertension(2), as an 
agent for induced hypotension it is associated with a significant 
reduction of rCBF which persists despite return of normal blood 
Pressure. We therefore conclude that nicardipine is unsuitable 
for use as a hypotensive agent. 
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Introduction: Blood loss following cesarean section (C/S] is 
often attributed to volatile agents used as part of a balanced :ræs- 
thetic technique. In sufficient concentrations these agents ire 
known to cause uterine relaxation’ ?. The possibility that -he 
degree of uterine relaxation is directly related to operative b cod 
loss has not been proven. This study compares the effect of cif- 
ferent balanced anesthetic techaiques on blood loss and uterne 
tone during C/S. We describe a direct measurement of tone pre- 
viously unavailable using a method of indentation tonom ty. 


Methods: With approval of the Institutional Review Bea-d, 
twenty ASA Class I-III gravida presenting for C/S under gereal 
anesthesia were randomly assigned into two groups. All receied 
30 ml of Bicitra® p.o. prior to rapid sequence induction with inta- 
venous ketamine 1 mg. kg™! and succinylcholine 1.5 mg . Fg’. 
Endotracheal anesthesia was maintained with 50% N20: 50%. D2 
until clamping of the umbilical cord. At this time patient in 
group | were given midazolam 2.5 mg IV and maintained on 76% 
N20:30% O2. Patients in group Il were given isoflurane to ard- 
tidal (E,) level 0.6—0.7% until cord clamping, and mainta red 
thereafter with E, 0.3—0.4%. These values were monitored by the 
in-line medical mass spectrometer. All gravida received oxytocin 
by infusion (20u . !) immediately after delivery and appropricte 
intravenous bolus doses of morphine (0.1—0.2 mg . kg?! or 
fentanyl (1.0—2.0 yg . kg!) and atracurium (0.1—0.3 mg.kg ). 
Using a modified applanation tcnometer (UTHSCD) calibrated in 
grams, uterine indentation was measured after delivery of the fetr s/ 
neonate (A), after placental delivery (B), and three minutes Ever 
(C). Operative blood loss was estimated by the change in p-e- 
and post-operative hematocrits. To assess the frequency of awae- 
ness and dreams, the patients were interviewed prior to discharge 
from the recovery room. Data were subjected to repeated measxes 
analysis of variance and adjusted to significant levels using 
Bonferroni multiple comparisons procedure. 


Results: Table 1 indicates the tonometer readings in grams at 
the different times. Uterine tone in both groups at time (A) sas 
significantly different from the zone at time (B) and at time (©) 
(p = 0.0001). There was no significant difference with respec zo 
uterine tone between Groups ! and II, nor was there any difference 
between the groups in respect of blood loss. The average fail in 
hematocrit in Group | (mean value 30.7% after surgery) was 3.7&% 
compared with the fall in group |! (mean value 31.6% after surgery) 
of 4.31%. No correlation is shown at any time between ute-i2e 
tone and the fall in hematocrit (p = 0.8 for group | and p = 0.7 for 
group 11). None of the patients complained of awareness Jr 
dreams? . 





Discussion: That tonometry does reflect the tone of the 
surgically-exposed uterus is seen in the consistent rise in indentation 
pressure as the uterus contracts in response to oxytocin. However, 
the quantitative values of tone at times of measurement could not 
be used {o predict the amount of operative blood loss. The results 
further indicate that a balanced anesthetic technique with iso- 
flurane, in the dose range described, and a vapor-free anesthetic are 
both asscciated with a similar blood loss for C/S, which is less than 
previously described*. We believe that the modified applanation 
tonometer is a valuable tool in quantifying the effect of uterine 
response to drug administration during C/S. 
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Introduction. A previous report from our 
laboratory noted cerebral blood flow (CBF) 
increases following i.v. succinylcholine (SCh) in 
lightly anesthetized dogs (1). Subsequent studies 
(unpublished data) have demonstrated SCh-induced 
increases in afferent muscle activity (AMA) and 
support the hypothesis that CBF increases following 
SCh are primarily related to SCh-induced increases 
in AMA and secondarily related to SCh-induced PaCOo 
increases. The purpose of the present study was to 
evaluate the CBF, AMA, and PaCOo responses to i.v. 
SCh in dogs pretreated with "defasciculating" doses 
of pancuronium. 

Methods. Six dogs weighing 14.7 + 0.9 kg (mean 
+ SE) were anesthetized with halothane, and the 
trachea was intubated without the use of muscle 
relaxants. Control PaCOo was maintained near 40 
mmHg and Pa02 was maintained near 150 mmHg. A 
femoral artery cannula was used to measure mean 
arterial blood pressure (MAP). Hemispheric CBF was 
measured by direct cannulation of the sagittal 
sinus (1). Brain and esophageal temperatures were 
maintained near 37°C. Afferent muscle activity 
from the right pelvic limb gastrocnemius muscle was 
recorded from a branch of the tibial nerve, and 
signals were quantitated using a saturating diode 
integrating circuit. The electromyogram (EMG) was 
recorded from the semitendenosus muscle of the same 


limb. For 20 min prior to control measurements and 


during the study period, dogs were maintained at 
0.87% end-expired halothane (1.0 MAC), and ven- 
tilation was not further adjusted. After control 
measurements; three dogs received pancuronium 0.01 
mg+kg-+ and 5 min later SCh 1.0 mg-kg-! i.v., 
followed 45 min Tater by repeat control measure~ 
ments and treatment with an equal volume of saline 
Placebo. The remaining three dogs were given the 
same doses of pancuronium plus SCh and placebo; 
however, the sequence of relaxant and placebo 
treatments was reversed. Data following SCh and 
placebo treatments were expressed as a percent of 
their respective control values, and the percent of 
control values were compared using paired t-tests. 
A p value < 0.05 was considered significant. 
Results. There were no significant differences 
between cerebral and physiologic variables during 
the control periods before the administration of 
either SCh or placebo. There were also no signifi- 
cant differences in MAP following SCh versus pla- 
cebo treatments. No dog had visible fasciculations 
following i.v. SCh, and only one dog had EMG evi- 
dence of fasciculations. Within 1 min after i.v. 
SCh, there were parallel increases in both AMA and 
CBF (Fig 1). The peak AMA value of 255 + 56% of 
control occurred at the 1 min measurement period 
and was followed by a gradual decline in AMA; 
however, AMA following SCh was significantly 
greater than AMA following placebo during the con- 
secutive 1 to 18 min measurement periods. Cerebral 
blood flow following i.v. SCh was Significantly 
larger than post-placebo values during the periods 
o7 greatest AMA (i.e. the 1 to 3 min measurement 
periods) with peak CBF of 128 + 9% of control 
occurring at the 3 min measurement period. There- 
after, CBF declined in parallel with AMA. There 


were also significant increases in PaC0o following 
SCh (Fig 1); however, the PaCOg increases could not 
account for peak CBF values (1). 

Discussion. The present work demonstrates 
significant increases in CBF, AMA, and PaC0o 
following SCh in dogs pretreated with 
"defasciculating" doses of pancuronium. In 
agreement with humans studies (2), our data suggest 
that the presence or absence of fasciculations 
following i.v. SCh is not a reliable indicator of 
the cerebral response to SCh. Assuming our data in 
dogs are transferable to humans, these data suggest 
that pretreatment with defasciculating doses of 
pancuronium is not as effective as metocurine 
pretreatment (2) in preventing the cerebral 
response to i.v. SCh in lightly anesthetized 
patients. 
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Fig. 1: CBF, AMA, and PaCO9 following SCh versus 
placebo (Vertical bars represent one SE; N = 6 
dogs.) Pre-SCh control values were CBF 94.6 + 14.7 
m1*100g-2-min-1 and PaCOo 40 + O mmHg. Pre- 
placebo contro] values were CBF 91.8 + 12.3 
m1+100g-4-min-1 and PaC02 39 + O mmHg. (* denotes 
p < 0.05 between SCh and placebo treatments). 
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Introduction: Doxacurium Chloride (DOX) is a 
long-acting nondepolarizing N=M blocking agent 
with little or no cardiovascular side-effects 
currently undergoing clinical investigations ia 
this country (1). Under balanced anesthesia its 
EDgs5 is approximately 23 ug/kg. When administered 
as a bolus o? 40 ug/kg, the time of maximum blocx 
occurs in 5 min with a clinically effective 
duration of action of approximately 70 min (2). 
Therefore, this agent nay be useful for N-4 
relaxation of intermediate and long duration. 
This study was designed to evaluate the intubating 
conditions provided by 2 different doses of DO{ 
as a function of time. We also evaluated the on- 
set, depth and duration of N*M blockade produced 
by DOX under enflurane, N20/02 narcoti2 
anesthesia. 

Methods: 35 patients were selected and enterej 
into this institutionally approved study afte> 
granting their informed consents. These patients 
were ASA class I or II who were to undergs 
elective surgical procedures of 2 or more hours i2 
duration. The subjects ranged in age from 27 te 
69 years old and weighed between 51 to 92 kg 
Patients were pre-medicated with 10 mg PO diazepam 
45+60 min prior to induction. Anesthesia was 
induced with fentanyl (1-1.5 ug/kg) followed 2 mia 
later by thiopental (4-7 mg/kg). Maintenance or 
anesthesia was with N20/02 (70/30), enflurane (ET= 
0.7), fentanyl and thiopental as needed 
Approximately 30 sec after induction, the 
isometric force of contraction of the adductor 
pollicis muscle was elicited utilizing = 
train-of-four (TOF) at 2HZ supramaximal impulses 
of 0.2 msec curation every 10 sec via surface 
electrodes placed over the ulnar nerve. The 
response of the adductor pollicis was 
quantitated with a Grass FT10 force transducer 
and continuously recorded on a Gould polygraph. 
After stabilization of the baseline twiter 
response (approximately 2 min after the inductior 
dose of thiopental), a 0.05 mg/kg bolus of DOX was 
administered to Group I patients (n=9). 
Endotracheal intubation was attempted anc 
conditions scored 4 min later. Patients in Grouf 
II (n=9) also received 0.05 mg/kg dose of DOX but 
intubation was attempted and scored 3 minutes 
later. Since the intubation condition in the 
majority of Group II patients were judged to be 
suboptimal, the Group III patients (n=9) were 
given an 0.08 mg/kg bolus of DOX and intubatior 
attempted and scored 3 min later. Group IV 
patients (n=8) received 0.08 mg/kg dose of DOY 
and intubation was attempted and scored 2.5 mir 
later. All DOX injections were made over 5 sec. 
Additional doses of DOX were utilized when the 
first twitch of TOF (T,) was recovered to 10-252 
of its baseline value. Once N-M blockade was nc 
longer required, reversal was attempted using 
either neostigmine 45 ug/xg, neostigmine 60 ug/kg 
or edrophonium 1000 ug/kg assigned on a random 
basis in combination with 1 mg atropine. One way 
ANOVA and Kruskal-Wallis test were used for 
statistical comparisons. 


A p<0.05 was considered significant. Data is 
presented as mean (+SD). 


Results: There was no significant difference in 


the demographic variables among the Groups. Table 
1 summarizes the intubation data. Patients in 
Group I were easily intubated with intubating 
conditions rated good to excellent. The mean 
intubating score in Group I was 1.9 (0.33) which 
is based on a 1-4 scale where 1 is "excellent" and 
4 is "rot possible". In Group II, intubating 
conditions were good in 2, poor in 6 and not 
possible in one patient. The difference in 
intubating conditions between Groups I & II were 
clinically and statistically significant. Patients 
in Group III were intubated with a mean score of 
2.1 (0.8). The difference between Groups II & III 
was also clinically & statistically significant. 
Group IV patients had a mean score of 2.25 (0.89) 
which was not significantly different from those 
in Group III. There was no significant difference 
between Groups with the respect to the $ Tq block 
prior to Intubation. The time from the 
administration of DOX to the onset of 90% of T} 
block and maximum T4 block was significantly 
shorter in patients receiving 0.08 mg/kg dose 
(n=17) than those receiving 0.05 mg/kg dose (n=18). 
In addition, the time from the administration of 
DOX to the start, 5% and 10% recovery of T4 was 
also significantly prolonged in the patients 
receiving the higher dose. The Neuromuscluar 
Parameters are summarized in Table II. 


Discussion: DOX is a potent nondepolarizing N=M 


blocking agent with a relatively long duration of 
action. It can be utilized to provide 
good-excellent intubating conditions 4 min after a 
single IV Bolus dose of 0.05 mg/kg. Higher doses 
(i.e. 0.08 mg/kg) are required if good intubating 
conditicns are to be provided in less than 4 min. 
Recovery data obtained in this study is similar to 
those reported in an earlier study by Basta et al. 





Table I = Intubation Data 
Group Intubation Score 

ak 1.9(0.3) a 

II 2.9(0.6) a,b 

III 2.1(0.8) b 

IV 2.25(0.9) 
a = p< 0.01 
b = p< 0.05 
Table II = Neuromuscltrar Parameters 
Time (min) to 0.05 mg/kg 0.08 mg/kg P 
90% block 5.4(1.6) 3.6(0.9) <0.01 
Maximum block 8.4(3.4) 5.7(1.3)  <0.02 
start of recovery 34.3(16.5) 90(55.3)  <0.01 
5% recovery 46.2(23.6) 99.1(31.4) <0.01 
10% recovery 55.7(24.3)  101.5(24.1) <0.01 
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Introduction. Radial arterial cannulation, 
though a relatively safe procedure, can be associat- 
ed with ischemic damage to the hand.l In order to 
minimize this danger, various methods of substanti- 
ating the collateral circulation of the hand have 
been used. The usual method is by the Allen test. 
This test may be difficult to interpret because 
lack of patient cooperation, inadequate lighting, 
anemia, skin pigmentation and jaundice. In this 
study we evaluated the pulse detecting capability of 
the pulse oximeter in assessing the collateral cir- 
culation of the hand. 

Methods. Thirty-one patients receiving radial 
artery cannulation for intraoperative monitoring 
were evaluated precannulation and postcannulation. 
The Allen's test was performed on the hand to be 
cannulated assessing both ulnar and radial col- 
lateral flow. Then pulse oximetry (501+, Criticare 
Systens, Inc.) evaluation of the circulation was 
performed. Placing the oximeter probe on the 
patients index finger, both radial and ulnar ar- 
teries were occluded until "no perfusion" registered 
on the oximeter. Compression over the radial 
artery was released and the time to pulse detection 
was noted. This procedure was repeated with re- 
lease of pressure over the ulnar artery. 

The Allen's test results were categorized as 
normal, indeterminate (no change in palmar colora- 
tion with occlusion of arterial perfusion), and ab- 
normal when palmar flush took longer than 15. seconds 
to occur. Pulse oximetry results were categorized 
as abnormal if pulse detection did not appear within 
15 seconds, from release of the measured artery. 
This was done just prior to cannulation with a 20 g; 
2 inch nontapered catheter and three days post de- 
cannulation. Data were analyzed by Chi-square. 
Signižicance was considered present if p < 0.05. 

Results. Thirty-one ASA II or III patients 
were studied of which 22 were male and 9 female. 

Tke mean age was 49.2 years (range 19-86). None had 
significant history of peripheral vascular disease. 

Precannulation one patient had abnormal radial 
artery blood flow (RBF) and two had abnormal ulnar 
artery blood flow (UBF) by Allen's test as well as 
with zhe pulse oximeter. In 13 evaluations pulse 
oxime=ry showed normal radial and ulnar arterial 
blood flow while the Allen test was indeterminate, 6 
for RBF and 7 for UBF. 


Three days after the radial artery catheter was 
removed there were 8 abnormal Allen's test, 7 show- 
ing abnormal RBF and l abnormal UBF. Pulse oximetry 
confirmed the abnormal blood flow. There were 7 and 
8 indeterminate Allen's test for UBF and RBF, -re- 
spectively. Pulse oximetry showed normal perfusion 
in all of the indeterminate Allen's test after de- 
cannulation. Table 1 shows that pulse oximetry 
evaluation for collateral blood flow is significant- 
ly more sensitive than the Allen test. 

Discussion. The pulse oximetry functions are 
dependent upon a pulsating arterial bed between 
light source and detector which in this case can be 
considered a multiple wave-length plethysmograph. 
Investigators have found this technique to correlate 
well with blood flow.2 We utilized this aspect of 
the pulse oximeter for conformation of ađequate 
collateral circulation. 

In this study, it was found that in those pa- 
tients with either a clearly normal or abnormal 
Allen's test, there were no differences with the 
pulse oximeter evaluation. However, in the inde- 
terminate cases the presence or absence of collater- 
al circulation was easily established via the 
pulse oximeter. 

The use of the commonly available pulse oxi- 
meters in assessing collateral circulation of the 
hand is a simple, easily applied method of improv- 
ing the sensitivity of the Allen's test. 
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Table 1. Comparison of Allen's Test to Pulse 
Oximetry in Detection of Collateral 


Circulation 
Precannulation Postcannulation 


Allens P.0O.* Allens P.0.* 


Normal 46 59 39 54 
Abnormal 3 3 8 8 
Indeterminate 13 (0) 15 0 


P.O. (pulse oximetry); 
*p < 0.001 when compared to the 
Allen's test 
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Introduction. Continuous arterial and mixed venous 
oxygen saturation are being utilized with increas— 
ing frequency in the intensive care unit and oper— 
ating room. Both types of oximeters rely on a 
extension of the Beer-Lambert law using two œ 
three wavelengths of light to determine the oxygen 
saturation of hemoglobin. These devices are usel 
frequently in patients ‘with acute hemorrhage c 
anemia during anesthesia but little data have ye 
been published on the possible effects of decreas— 
ing hemoglobin concentration on the accuracy co 
these monitors(1,2). On theoretical grounds om 
might expect decreasing accuracy with decreasing 
hematocrit. The purpose of this study is to assess 
the accuracy of pulse and reflectance oximetry 
during experimentally induced normovolemic anemia. 
Methods. Ten mongrel dogs (six female) weighing 1D 
to 20 kilograms were premedicated with 0.3 mg/k 
acepromazine, anesthetized with intermittent pentc— 
barbital, incubated and vantilated to normocarbia. 
A 16 gauge Jelco catheter and 8.5 Fr introduce 
were placed via a femoral cutdown into the femoral 
artery and vein respectively. A Shaw Optica 
pulmonary artery catheter (PAC) (Oximetrix Corp.. 
Mountain View, CA) was calibrated in vitro as pe 
the manufacturer's instructions and then floated tb 
a wedge position by observing the pressurm 
waveform. A Nelicor N-100 pulse oximeter (Nellcor, 
Hayward, CA) was applied to the dog's tongue with a 
Nellcor D25 Digit Oxiseasor transducer. Pul= 
oximeter data were collested when the pulse oxi— 
meter pulse rate equalei the EKG heart rate 
Normothermia was maintained by use of a heatig 
blanket, warmed I.V. fluids, and hot water bottles 
placed on the thorax and a>domen. Each data poi 
included temperature, heart rate, blood pressure, 
pulmonary artery wedge and pressure, thermodilutic 
cardiac output in triplicate, and arterial art 
mixed venous saturations. Oxygen saturations ari 
total hemoglobin were determined immediately LW 
analysis of blood samples on an IL 282 Co-Oximete=— 
(Instrumentation Laboratories, Lexington, MA), ac 
justed for canine blood ani calibrated daily usim 
known standards. Hematozrit was determined fœ 
each point by spun capillary tubes. 

At each level of hematocrit, measurements were nace 
at Fi02 values from 1.0 to 0.1. The hematocrit ws 
then acutely lowered 5% by hemorrhaging the dog ari 
replacing th2 lost volume with either 1:1 albumm 
or hetastarch or 3:1 crystalloid, adding enough © 
keep the pulmonary wedge pressure constant. Ths 
cycle was repeated until a hematocrit of 52 w= 
reached or the dog expired. 

Statistical analysis was performed as recommendet 
by Bland and Altman and included calculations cf 
bias and precision (3). Bias is the mean of the dif 
ferences between the two measurements (e.g. IL 2 
- Nellcor) and precision is the standard deviatic 
of the differences. 

Results. Table 1 summarizes the performance of te 
two monitors over the wide physiologic conditiorm 


achieved in the dog model. Ninety-five percent 
confidence intervals (CI) for the bias are listed 
in the column labeled 952. 

Discussion. Inspection of the bias and the 95% 
confidence intervals for the Oximetrix PAC shows 
that the bias remains close to cero for hematocrits 
greater than 10%. Marked underestimation of the 
venous saturation occurs with hematocrits lower 
than 102%. The precision shows increased random 
error ior hematocrits less than 25%, more so for 
hematocrits less than 15%. Similar degradation of 
performance of the pulse oximeter was seen for 
hematocrits less than 10%, with underestimation of 
the arcerial saturation and greater scatter of 
readings. Otherwise, the pulse oximeter performed 
in a consistent fashion with a near zero bias. In 
severely anemic patients, (Het < 15%) one should be 
aware chat the estimates of either arterial or 
venous saturation by these monitors may be erron- 
eous. However, for hematocrits down to 15%, both 
monitors provide consistent accuracy. 
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Table 1. Bias and Precision of Oximetrix PAC and 
Nellcor Pulse Oximeter. 


Het Oximetrix PAC N=193 
95% CL of Bias 





Het Nellcor Pulse Oximeter N=178 











w 
N 






15-19 -1.2 to 3.0 5.9 32 
20-24 -1.7 to 2.7 6.9 39 
25-29 -3.6 to 3.1 7.8 23 
30-34 -3.9 to 1.4 6.8 28 
35-39 -10.4 to -0.5 7.4 ll 
>40 8.6 | 11.5 10 
<25 0.5 8 72 
225 2.0 7.3 106 
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Introduction. The combination of propofol 
(P) and fentanyl (F) has been shown to block 
the sympathetic response to surgical stimulation 
in patients with coronary artery disease (CAD). 
But, the net result on hemodynamics of the cumula; 
tive negative chronotropic action of both P 
and F? ` must be questionned. The present study 
investigated the effects of P as a sole anesthetic 
agent, and in combination with F on left ventricular 
(LV) function using gated radionuclide ventricu- 
lography (RNV) in unpremedicated patients with 
chronic CAD. 


Methods. After approval by our local Ethics 
Committee and informed consent, ten ASA III 
patients (51-74 yr) undergoing major urologic 
surgery participated to this study. All patients 
suffered from documented angina pectoris secondary 
to CAD. None gave a history of congestive heart 
failure or valvular heart disease. No patients 
were premedicated, but all received their chronic 
medications (nifedipine and isosorbide) up to 
and including the morning of surgery. The study 
was performed in the Nuclear Medicine Laboratory 
just before surgery. Heart rate (HR) was obtained 
from standard limb lead II of the ECG. A 7.5 Fr 
thermodilution Swan Ganz catheter and a radial 
artery cannula were inserted under local anesthe- 
sia. All patients were studied by RNV using 
in vivo redd blood cells (RBC) labelling with 
99n Technetium (Tc). A first RBC-Tc preparation 
containing 2-3 mCi of Tc was counted 10 cm apart 
from a gamma-camera. A first pass study was 
realized in the left anterior oblique position 
following the bolus iv injection of this source, 
allowing the evaluation of the isotopic dilution 
cardiac output (isot.CO) and the attenuation 
factor (AF). AF was assessed as the ratio : Q/ 
(CxMIT) where Q = injected counts/s 3 C = inte- 
gratedcounts during the first transit ; and MIT = 
mean transit time of the bolus through LV during 
the first transit. Then, a second RBC-Tc prepa- 
ration containing 20 - 25 mCi of Tc was iv injec- 
ted. At equilibrium, 16 ECG-synchronized frames 
were acquired by a computer for processing. 
Mean end-diastolic (ED) counts, mean end-systolic 
(ES) counts, LVED and LVES areas, and ejection 
Fraction (EF) were calculated each 1.5 min. Using 
the AF, ED volume (EDV), ES volume (ESV), stroke 
voiume (SV), and densitometric CO (dens. CO) 
were obtained. The first dens.CO and isot.CO 
were compared for validation of the method in 
each patient. Three series of measurements inclu- 
ding HR, mean arterial pressure (MAP), right 
atrial pressure (RAP), pulmonary capillary wedge 
pressure (PCWP), thermodilution cardiac output 
(th.cO), EF, EDV and ESV were collected, and 
derived values were calculated. A baseline study 
Wes performed before anesthetic induction (Awake). 
Aresthesia was induced with P (2 mg/kg) followed 
by an infusion of P (100 yg/kg/min). Vecuronium 
(C.05 mg/kg) was administered, and ventilation 
(F102 : 1) was controlled (FECO?2 4-4.5 4%). 
After a period of 15 min, a second series of 


measurements was performed. The third series 
of measurements was undertaken 5 min after admi- 
nistration of F (5 ug/kg). After the last data 
acquisition, the patient was transported in the 
Operating room. All data are given as mean + SD. 
ANOVA and paired t test with Bonferroni correction 
were used for statistical analysis. The correlation 
between specific variables was tested with a 
linear regression method. P< 0.05 was considered 
as significant. 


Results. The main results are summarized 
in the table. P alone produced Significant decrea- 
ses in MAP, PCWP, RAP, EDV, thermodilution cardiac 
index (th.CI) and thermodilution stroke index 
(th.SI). Following the addition of F, MAP, HR, 
th.CI and SVRI decreased significantly without 
changes in other parameters. There was a signifi- 
cant relationship between SI mesured by thermodi- 
lution tehcnique and densitometric measured 
SI (y=0.47x+24.26 ; r=0.60 ; P<0.001). 


Awake propofol propofol 
+ fentanyl 


Sa 


HR (b/min 71+ 14 68 + 11 57 + pe 
HAP (amg) 100 + 22 82 + 22% 53 + gH 
th.cl (1/air/a’) 3.15 + 0.68 2.43 + 0.88** 1.88 + 0,55% 
th.SI (al/b/a’) 45.6 + 7.9 36 + get 34.2 + 7.6 


SVRI (dyn.s/em/a”) 2495 + 432 2658 + 780 2215 + 491* 


PCWP (mnHg) 6.142 3.1 + 3.2%" 3.2 + 2.8 
EDV (al) 140 + 22 130 + 18* 127 + 16 
ESV (a1) 61 + 13 56 + 15 56 + 11 
EF (%) 55.4 + 5.8 57.6 + 8.3 56.44 5.1 


eee 


mean + SD; profopol vs awake *p< 0.05;**p< 0.002;*#*p< 0.001; 


propofol + fentanyl vs propofol *p< 0.005;**p< 0.002;***p< 0.001 


Discussion. First-pass and equilibrium RN 
studies provided a complementary tool for assess- 
ment of cardiac performance during anesthesia. 
F in combination with P did not impair the LV 
performance in patients with chronic CAD not 
in cardiac failure. However, the decrease in 
HR may result in critical decreases in CI and 
in MAP. Consequently, caution should be exercised 
when F is administered during P anesthesia. 
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Introduction. Radionuclide cineangiography 
effectively reproduces ‘results obtained with 
contrast angiography in the assessment of left 
ventricular volumes and function and provides 
a complementary tool for assessment of cardiac 
performance during anesthesia. 2 This study was 
designed to evaluate the effects of the emulsion 
formulation of propofol (P) on left ventricular 
function (LV) using gated radionuclide ventri- 
culography (RNV) and invasive cardiac monitoring 
in unpremedicated patients with chronic coronary 
artery disease (CAD). 


Methods. After approval by our local Ethics 
Committee and informed consent, ten ASA III 
patients (51-74 yr), undergoing major urologic 
surgery participated to this study. All patients 
suffered from documented angina pectoris secondary 
to CAD. None gave a hystory of congestive heart 
failure or valvular heart disease. No patients 
were premedicated but all received their chronic 
medications (nifedipine and isosorbide) up to 
and including the morning af surgery. 

The study was performed in the Nuclear Medicine 
Laboratory just before surgery. Heart rate was 
obtained from standard limb lead II of the ECG. 
A 7.5 Fr thermodilution Swan Ganz catheter and 
a radial artery cannula were inserted under 
local anesthesia. Al] patients were studied 
by RNV by means of the ECG gated, equilibrium 
blood-pool technique using in vivo red blood 
cell labelling with 99m Technetium (Tc). Lyophi- 
lized solution that contained 100 mg of stannous- 
pyrophosphate (TCK 7 CEA) was injected iv. A 
in vivo preparation containing 2 mCi of 99m 
Tc pertechnetate (Technetium CEA Elumat 300) 
was counted 10 cm apart from a gamma-camera. 
A first-pass study was realised in the left 
anterior oblique position following the bolus 
iv injection of this source, allowing the evalua- 
tion of the isotopic dilution cardiac output 
(isot.CO) and the attenuation factor (AF). AF 
was assessed as the ratio Q/(C MITT) where Q = 
injected counts/s»C = integrated counts during 
the first transit and MIT = mean transit time 
of the bolus through left ventricule during 
the first transit. Then a second in vivo prepa- 
ration containing 20 to 25 mCi was injected. 
At equilibrium, 16 ECG-synchronized frames were 
acquired by a computer for processing. Mean 
end-diastolic (ED) counts, end-systolic (ES) 
counts, LVED and LVES areas and ejection fraction 
(EF) were calculated each 1.5 minutes by the 
computer. By using the AF ED volumes (EDV), 
ES volume (ESV), stroke volume (SV) and densito- 
metric cardiac output (deCO) were obtained. 
The first deCO and jisot.COQ were compared for 
validation of the method. Seven series of measure- 
ments including heart rate (HR), mean arterial 
pressure (MAP), right atrial pressure (RAP), 
pulmonary capillary wedge pressure (PCWP), 
thermodilutior output (th.CO), EF, EDV and ESV 
were collected and derived values were calculated. 
A baseline study was performed before anesthetic 


induction (Awake). Anesthesia was induced with 
P 2 mg/kg followed by an infusion of P 100 ug/kg/ 
min. Vecuronium (0.05 mg/kg) was administered 


and ventilation (F102 : 1) was controlled (FECO2 : 


4-4.5 %). The hemodynamic and densitometric 
measurements were performed batween 1 and 2.5 
min, 3 and 4.5 min, 6 and 7.5 min, 9 and 10.5 
min, 12 and 13.5 min and 15 and 16.5 min. After 
the last data acquisition the patient was intubated 
and transported in the operating room. All data 
are given as mean + SD. ANOVA and paired t test 
with Bonferroni correction were used for statis- 
tical analysis. The correlation between specific 
variables was tested with a linear regression 
method. P<0.05 was considered as significant. 


Results. The main results are summarized 
in the table. There was a significant relationship 
between SI mesured by thermodilution technique 
and densitometric measured SI (y=0.61x+19.068 ; 
r=0.68 ; P<0.001). 


propofol 

Awake 3 min 15 ain 
HR (b/min) Ti+ 14 73 +12 68 + 11 
MAP (mag) 100 + 22 87 + 220 82 + 22%% 
th.CI (l/min/a2) 3.15% 0.68 2.42 + 0.07*2.43 + 0.83* 
th.SI (al/3/a2) 45.6 4 7.9 33.8 + 5.78" 36 + OF 
SVRI (dyn.s/cm5/m2) 2495 +432 2829+749 2658 + 780 
PCWP (matig) 6-142 2.6 + 2.28% 3.1 + 31.1 
EDV (al) 140 + 22 129 + 18** 130 + 18* 
ESV (nl) 61 + 13 56 + 15 56 + 15 
fF (%) 55.4 4 5.8 56.94 7.3 57.6 + 8.3 





mean + SD ; vs awake *p< 0.05 ; **p< 0.002 ; ***p< 0.001 


Discussion. In CAD patients with good EF 
and PCWP< TZ mmHg, anesthesia with propofol was 
accompanied by a reduction in arterial pressure, 
exclusively due to a decrease in CI because of 
a decrease in SI related to a decrease in preload 
(PCWP and EDV). These findings are in accord 
with Stephan published data. 4 The fact that HR 
did not change in spite of the decrease in MAP 
had been reported 3 but the influence of P on 
HR is unclear and controversial : central vagotonic 
action cr change in baroreceptor reflex function. 
Contrary to the study of Caotes,+ P did not 
influence SVRI which is an unreliable index of 
LV afterload. Absence of increase in EDV and 
ESV and absence of decrease in EF argue against 
the P-induced depression of cardiovascular function. 
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Introduction: Prophylactic intravenous 
dantrolene (2.4 mg/kg) has been recommended for MHS 
patients undergoing surgery.! Although the 
pharmacokinetics of intravenous dantrolene in 
adults have been investigated ,2 Similar data in 
pediacric patients remain undetermined. Therefore, 
we investigated the pharmacokinetics of intravenous 
dantrolene in a cohort of MHS children. 

Methods: With approval from the Human Review 
Committee, informed written consent was obtained 
from the parents of seven MHS pediatric patients 
scheduled for elective dental or ear-nose-throat 
surgery. MH susceptibility was based upon a 
previous history of masseter spasm or an MH 
reaction in the patient or a family history of a 
pesitive muscle biopsy or MH reaction. Each 
patient was ASA II, fasting and unpremedicated. 

Seneral anesthesia was induced with 
intravenous thicpental, atropine, atracurium and 
fentanyl and was maintained with 70% nitrous oxide 
in oxygen and intravenous diazepam. Each patient 
was monitored with a precordial stethoscope, blood 
pressure cuff and radial artery doppler probe, 
electrocardiogram, end-tidal pCOo analyzer, 
rectal and axillary temperature probes and a pulse 
oximeter. End-tidal pCO% was maintained at 
30-35 mmHg. Free-flowing venous blood gases were 
analyzed during the study period. 

After 10-15 minutes of anesthesia, 2.4 mg/kg 
intravenous dantrolene was infused over 10-12 
minutes. At the completion of the infusion, eleven 
venous blood samples (3 ml) were collected at 1, 5, 
1G, 20, 30, 60, 120, 240, 480, 720, and between 
1000 and 1500 minutes after the infusion from a 
lerge antecubital intravenous cannula. Each 3 ml 
sample was stored at -200C in a heparinized 
vacutainer tube until analysis. 

After surgery, each patient was monitored with 
an electrocardicgram and apnea monitor in the 
recovery room overnight. 

Grip strength was tested pre- and 
post-operatively by squeezing a 3 inch rolled blood 
pressure cuff which had been inflated to 40 mmHg. 

The blood concentration (ug/ml) of 
dantrolene was cetermined using HPLC. The shape of 
the concentration-time profiles made it 
inappropriate to fit them to a compartmental model 
(see results). Therefore pharmacokinetic variables 
were calculated according to standard 
noncompartmental methods. 

Results: The mean (+ SD) age and weight for 
the seven patients was 3.24 (+ 0.56) years and 15.9 
(+ 1.4) kg respectively. Peak blood concentrations 
(nean + SD) 5.74 + 0.66 ug/ml occurred at 1 
minute after the end of the dantrolene infusion. 
During the next 60 minutes, blood concentrations 
declined rapidly to reach a mean (+ SD) of 3.51 


(+ 0.36) ug/ml. During the 60-240 minute period 
after the infusion, the blood concentrations either 
remained constant or increased slightly in 5 of the 
7 patients. After 240 minutes, the concentrations 
decreased following first order kinetics 

(r2 > 0.980). The mean (+ SD) half-life 

determined from 240 minutes onwards was 9.8 (+ 2.9) 

hours (range 6.3-14.8). The total body clearance 

(mean + SD) of dantrolene as related to body weight 

was 0.700 (+ 0.167) ml/min/kg. The volume of 

distribution (Vdss) (mean + SD) was 0.588 

(+ 0.036) L/kg. The time interval until the blood 

concentration of dantrolene decreased to 

3.0 ug/ml was (mean + SD) 5.23 + 2.19 hours. 

There were no abnormal blood gases, 
temperatures, MH reactions, arrhythmias or apneas, 
during the anesthetic or post-operative period in 
any patient. Only two patients cooperated in 
performing grip strength measurements 
post-operatively. 

Discussion: The present study of dantrolene in 
pediatric patients differs from the previous study 
in adults? in that in the present study dantrolene 
(2.4 mg/kg) was given as a rapid infusion whereas in 
the previous study it was administered intravenously 
in incremental doses over a 2-3 hour period. This 
difference in drug administration accounts for the 
increase in the maximum blood concentration observed 
in the present study. This difference may also 
account for the decrease in the time to reach 
3.0 ug/ml (the proposed minimum effective blood 
concentration) and the shorter terminal elimination 
half-life in pediatric patients but requires further 
studies to determine its significance. However, the 
two studies were similar in that the blood 
concentretion of dantrolene was maintained at 
approximately 3.6 ug/ml from approximately 1-4 
hours after completion of the infusion. 

We conclude that a rapid intravenous infusion 
of dantrolene (2.4 ug/kg) produces safe and 
predictable blood concentrations for MH prophylaxis 
in pediatric patients. However, the increased 
clearance of dantrolene indicates that supplemental 
doses of intravenous dantrolene may be required at 
more frequent intervals in pediatric patients than 
in adults. 

Acknowledgement: We thank Norwich-Eaton 
Pharmaceutical Ine. for performing the dantrolene 
analyses. 
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INTRODUCTION. Ambulatory surgery is usually of 
short duration which may require profound muscle re- 
laxation for as short a period as 10-30 min. Vecura- 
nium (Norcuron) should be appropriate in outpatien= 
surgery as it has a short duration of action and is 
shown to be devoid of serious cardiovascular side ef- 
Fects.1,2 The present study was designed comparinc 
vecuronium in outpatient surgery in 2 different anes- 
thetic techniques. 

METHOD. Forty (40) male and female adults, 18-7E 
years of age, ASA status I & II scheduled for a vart- 
aty of elective outpatient surgical procedures were 
included in this study after signing informed con- 
sents. The study was approved by the committee on 
wman research. Patients received vecuronium (0.05 
ng/kg) for tracheal intubation and abdominal relaxz- 
tion and were randomly assigned into 2 grous: 1) œ 
yalanced anesthetic group, 2) an inhalational anesthe- 
tic group. All patients received 4 mg/kg thiopental 
For induction and no premedication was given to any 
tient. Maintenance in the balanced group was with 
nitrous oxide 66% in oxygen supplemented by fentan I 
as needed to provide adequate anesthesia. The inhe- 
lation anesthetic group was treated exactly the sare 
as the other group, except the anesthesia was main- 
tained with Isoflurane, in 2L.N20+2L 02 (no fentany T) 
detween 1 and 2% inspired. In both groups, pyrido- 
stigmine 100 mcg/kg and atropine 8 mcg/kg was used 
for reversal of neuromuscular blockade. In this 
>linical setting, a peripheral: nerve stimulator was 
ised to monitor each patient's degree of neuromuscl Br 
dlockade using train-of-four (with 2Hz and 30mA) tech- 
vique. Particular neuromuscular parameters noted 
vere: a) Onset time (time between start of injection 
3f intubating dose and dimunition of T4); b) Time tc 
20% depression of twitch (when only Tj remains); c, 
fax. twitch depression (when no twitch response occurs 
yr when T] was most depressed); d) Clinical duraticn 
(time from max. twitch depression to return of T1): 
2) Recovery rate (time for recovery from T] to T3): 
f) Duration of neuromuscular block (start of intubet 
ing dose the time when T4 was noted). Conditions tor 
intubation on a scale of 0-3 and duration of anestre- 
sia were also noted. (3 = Excellent - Jaw relaxed, 
¿ocal cords apart and immobile, no diaphragmatic mcvw- 
nent - "bucking"; 2 = Good - Condition as in #3, e»- 
zept that there is some diaphragmatic movement - 
‘bucking"; 1 = Jaw relaxed, cords moving, "bucking' ; 
) = Inadequate - Jaw not well relaxed, cords closec.) 

RESULTS. Table I contains the demographic data- 
Table II contains the total thiopental and fentany7 
doses used in each group. Table III contains the cata 
dbtained from the two groups. It appears the onset 
time for the vecuronium-isoflurane group is increased 
aver the fentanyl group (173 sec + 40 to 148 sec + B 
respectively, P = <.05). There were no statistical 
differences between the two groups in respect to 9C% 
Jepression, maximal twitch depression and recovery 
rate. Total duration of block was approximately tre 
same for both groups (22.5 min + 4.6 fentanyl vs 22.4 
nin + 4.7 Isoflurane). 
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DISCUSSION AND CONCLUSION: Our data suggests that 
the use of a sma ose of vecuronium (0.05 mg/kg) is 
quite suitable for patients undergoing a variety of 
outpatient surgical procedures lasting not more than 
10-30 min. regardless if one uses a narcotic (fentany]) 
or inhalation (Isoflurane) technique which in theory 
is supposed to increase the action of relaxants. In 
view of the fact that vecuronium's duration of block 
at this dose lasts approximately 22 min., it would 
seem that in this setting, low dose vecuronium is 
very appropriate for short outpatient procedures. 
Outpatient surgical procedures are those which require 
a short period of profound relaxation. Longer acting 
non-depolarizing muscle relaxants will probably out- 
last these short procedures. Newer shorter acting 
non-depolarizing revaxants such as vecuronium may 
serve a better purpose for these surgeries, offering 
stable cardiovascular parameters and causing no mus- 
cular pain after administration such as that which 
occurs with succiny/choline, a commonly used agent in 
short procedures. 
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TABLE I DEMOGRAPHIC DATA (mean + S.D.) 

Operative 
Class ASA Age (yrs) Wt. (kg) Ht. (in) Time (min) 
15-1/5-II 36.4 + 13.3 71.8 + 16.9 66.6 + 3.1 46.8 + 17.0 
Vec. (Fenz.) 
18-1/2-IT 37.9 + 12.2 67.7 + 13.2 63.4 + 2.7 55.6 + 16.1 
Vec. (Iso.) 


The ages, heights and weights of the 2 groups are similar. Operative 
times for the Isoflurane group are increased over the fentanyl group, 
but not significantly. 





TABLE II 











Relaxan= Dose Thiopental Dose Fentanyl Dose 


mg/k Total (mg/kg) (mcg/kg) 
Vec. (fent.) 0.05 6.44+2.1 5.24+1.8 
Vec. (Iso. ) 0.05 4.7 + 0.9 — 














Thiopental and fentanyl doses are the mean + S.D. 
TABLE III 
Fentanyl Isoflurane 

X +S5.0. SE x ASD SE 
Onset time (sec) 148 +39 9 173 + 40 9 
907 depression (sec) 368 + 106 24 339 #111 25 
Max twitch depression (sec) 432 +105 24 395 +117 26 
Clinical duration (min) 17.20 43.3 0.7 16.3 +48 1.1 
Recovery rate (min) 6.5 + 6.2 1.4 7.9 +71 1.6 
Total duration of block (min) 22.5 + 4.6 1.¢ 22.4 +47 1.1 
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INTRODUCTION: The use of intrathecal morphine 
(HM) in the management of acute and chronic pain is 
well established (1). Struppler et al (2) showed 
that epidural M reduced muscle tone and abolished 
reflex spasms associated with multiple sclerosis. 
More recently, Erickson et al (3) demonstrated the 
effects of intrathecal M on spasticity associated 
with multiple sclerosis and spinal cord 
pathology. This study was performed to evaluate 
the effects of intrathecal M on chronic spasticity 
in patients with spinal cord injury (SCI). 





METHODS : Approval by the Institutional Human 
Research Committee and informed consent were 
obtained. Seven patients (M=5, F=2), with stable, 
non-progressive incomplete SCI of greater than 18 
months duration were studied. Each patient had 
severe tonic and phasic spasticity of the lower 
extremities and trunk musculature with or without 
pain that significantly interfered with daily 
living and was not amenable to control using 
standard treatment methods. In Stage l, a bolus 
dose of 1.0 mg of preservative-free M was injected 
intrathecally via the 4-5 interspace. Pain and 
spasticity were evaluated using spasticity grading 
and a visual analog scale, prior to and at 
frequent intervals after the injection. In Stage 
2, a 24g catheter was inserted via a lumbar 20g 
Tuohy needle into the subarachnoid space and 
connected to an external pump. A continuous 
intrathecal infusion of M was commenced at an 
initial rate of 0.5 mg/day. Spasticity was 


evaluated daily using spasticity grading, 
polyelectromyography (poly-EMG) and isokinetic 
dynamometry (Cybex). The rate of infusion was 


adjusted in 0.5 mg/day increments until.optimum 
spasticity control was obtained. In Stage 3, a 
subcutaneous infusion reservoir (pump) connected 
to an intrathecal catheter was surgically im- 
planted and percutaneously filled with M after 
recovery from surgery and anesthesia. Following 
hospital discharge, patients were seen monthly on 
an outpatient basis for 12 months -which included 
refilling the reservoir with M and spasticity 
assessments. In 2 additional SCI patients (M=2), 
undergoing reconstructive plastic surgery for 
decubitus ulcers, intrathecal M was temporarily 
administered as described for Stage 2 in order to 
decrease severe postoperative phasic spasticity. 


SULTS: In Stage 1, 6 patients demonstrated 
significant reduction in tonic and phasic spas- 
ticity. The earliest effects were noted 3-4 hours 
following M injection, reaching a maximum at 6 
hours, gradually declining over the next 4-6 
hours, with "carry-over" effects present 24 hours 
following injection. No change in- spasticity was 
observed in one patient. Pain associated with 
spasticity was decreased in 6 patients, but 


aggravated in one patient with lower extremity 
burning dysesthesia. Side-effects, i.e., itching, 
nausea, and vomiting were present in 5 patients. 
Three patients elected to continue with Stage 2. 
In 2 patients, optimum control of phasic and tonic 
spasticity was achieved with 1 mg/day, while one 
patient required 3 mg/day. Phasic and tonic 
spasticity as judged by clinical measures, 
poly-EMG and Cybex were optimally controlled at 
these dosages with the incidence of side-effects 
being. significantly less. Two patients elected to 
proceed with Stage 3. One patient obtained 
significant reduction in spasticity for the 12 
month period, although requiring an increase in M 
dosage from 1 mg/day to 3 mg/day after 8 months. 
The other patient developed gram-negative 
septisemia secondary to a urinary tract infection 
with death 2 days following hospital discharge. 
Two additional postoperative patients required 1 
mg/day for 5 and 8 days respectively, demons- 
trating reduction in spasticity, and beneficial 
effects on the surgical wound. In all patients 
receiving a continuous infusion of M (n=5), a 
clear dose-response pattern was not observed. 


DISCUSSION: These results demonstrate that 
intrathecal M reduces spasticity associated with 
SCI in agreement with others (3). The intrathecal 
route, while providing adequate spasticity control 
permits the use of small amounts of drug, thus 
minimizing the incidence of side-effects. The 
continuous administration of intrathecal M over a 
prolonged period of several months using implant- 
able infusion pumps has not been associated with 
tolerance phenomena (3). The exact mechanism for 
the effects of intrathecal M on spasticity is, 
however, not clear. Spinal opioid receptors are 
associated with a variety of systems in addition 
to those pertaining to sensory modulation. 
Electrophysiologic studies have shown the opiates 
inhibit polysynaptic reflexes and to a lesser 
degree monosynaptic reflexes and alpha-motoneuron 
firing (4). 
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INTRODUCTION: Chronic pain following spina— change. The duration of reduction in pain was 


cord injury (SCI) is a complex diagnostic problem 
often regarded as "phantom" or "psychogenic" iu 


nature (1). However, the response to spina. 
anesthesia may clarify whether the pain is "real' 
or "neurogenic." This study was performed t: 


evaluate the effects of spinal anesthesia 01: 
chronic pain following SCI and determine whethe- 
it was an effective diagnostic modality. 

METHODS : Eleven SCI patients with chroni- 
pain were referred for diagnostic spina 
anesthesia. Approval from the Institutiona 
Research Committee and informed consent wer 
obtained. An intravenous’ line was started an 
vital signs monitored continuously. Patients wer 
placed in the right lateral position and the are- 
over the lumbar vertebral spine prepared witt 
betadine for 15 minutes. Using strict asepsis, - 
23g polyethylene catheter was inserted 3 cm intra- 
thecally via a 20g Tuohy needle placed in the 4-5 
lumbar interspace and taped in position. With th 
patient supine, a' baseline pain assessment wa: 
performed, i.e., visual analog scale (VAS), pair 
distribution (diagrammatic), quality and intensit: 
of pain, sensory level (pin-prick), altered senga- 
tions. In each patient, three separate injection: 
of 3 ml preservative-free normal saline (placebe 
{P}) 5% lidocaine (L) in dextrose (hyperbaric) anc 
0.4% tetraceine (T) in dextrose (hyperbaric) 
double blind and in random sequence, were per- 
formed via the catheter. Local anesthetic (LAI 
was administered in aliquots every 5 minutes in ar 
attempt to obtain a sensory level above the 
patient’s SCI. The maximum doses of L and T werc 
100 mg and 20 mg, respectively. Following thec 
administration of P and LA, pain asessments werc 
performed every 15-30 minutes. In 5 selectec 
patients, meurophysiologic monitoring (NMON) ot 
residual motor function was performed in con- 
junction with the pain assessments, i.e., H anc 
bulbocavernosus reflexes, patellar tendon anc 


ankle jerks. Assessments continued until the 
patients symptomatology and neurophysiologic 
parameters of motor function returned tc 
pre-spinal anesthetic status. The results were 


statistically analyzed for significance using the 
Students t test. 

RESULTS : The results are shown in Table le 
Two patients withdrew from the study following E 
and L administration, due to temporary worsening 
of pain after intrathecal lidocaine, and the 
development of an urinary tract infection. 
Adverse hemodynamic responses or complications dič 
not occur in any patients. Three patients demon- 
strated placebo responses to intrathecal saline. 
These included a significant decrease in pain anc 
change in altered sensation. However, 8 patiente 
reported no change in pain or altered sensation ir 
response to P. Following L administration, E 
patients reported a decrease in pain while 
patients reported no change. In contrast, only 
patients demonstrated a decrease- in pain following 
T administration, with 6 patients reporting nc 


AE G] 


200.7 + 36.8 and 220 + 22.1 mins (difference of 
19.3, p = NS) for L and T, respectively. A 
sensory level of anesthesia above the level 
associated with SCI was observed in 2 patients. 
NMON demonstrated that spinal reflexes remained 
unchanged following saline, but were inhibited in 
all 5 patients following LA administration. 

DISCUSSION: The results of this study have 
verified the complex nature of spinal cord injury 
pain. Consistent responses to either L, T or P 
were not observed. Prolonged duration of LA 
action, demonstrated by both pain assessments and 
clinical neurophysiologic monitoring, suggests 
increased sensitivity or prolonged clearance of 
LA from the intrathecal space. The inability to 
obtain a sensory level of anesthesia above the SCI 
level in the najority of patients indicates 
obstruction within the spinal canal. The results 
of this study differ from a previous report (2), 
in which a sensory level of anesthesia was ob- 
tained above the SCI level. Although each 
patient’s response to spinal anesthesia must be 
individually assessed, objective conclusions about 
whether pain is "psychogenic" or "neurogenic" in 
origin should be carefully evaluated. Spinal 
anesthesia may not be a useful diagnostic modality 
for chronic pain in this patient population. The 
reasons for this are unclear but may be related to 
anatomic and biochemical changes in the intrathe- 
cal space below the level of injury, neuro- 
physiologic mechanisms responsible for the pain or 
type of LA. 
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Table 1, CHRONIC SCI PAIN: RESPONSE TO SPINAL 
L, T, and P WITH NMON. 


Pte LOIS 
4d pd DAD 
1 100 180 NC - 
2 NC NC - 
3 NC 25 120 = 
4 75 250 NC + T 135 
5 60 150 NC + T 120 
6 50 90 * 3 L 100 
7 25 150 75 180 + L 120 
8 75 360 80 360 = 
9 75 105 x = 
10 75 270 NC - 


Mean 66.8 200.7 43.3 220 


Z decrease in pain D = Duration (min) 
Pt. withdrew from study NC = No change 


Zd 
* 
*k = D of reflex inhibition 


ho 
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Introduction. The choice of local anesthetic has 
been reported to affect postcesarean epidural fentanyl 
analgesia.” The mechanism of this antagonism has not 
been determined. This study was designed to identify 
what effects, if any, the alkalinization of the commercial 
preparation of 2-chloroprocaine has on later epidural 
fentanyl analgesia. 


Methods. Twenty-one ASA Class I or II parturients 
for repeat cesarean delivery requesting epidural 
anesthesia (after consenting to an institutionally 
approved protocol) were randomly assigned to receive 
either 3% Nesacaine (N), or alkalinized 3% Nesacaine 
(CN). Surgical epidural anesthesia was induced to T2-T4 
sensory level and maintained as dictated by standard 
clinical practice. At the end of surgery the sensory level 
of anesthesia and a linear visual analog pain score were 
obtained immediately before the injection of 50 ug of 
fentanyl, and every 30 minutes thereafter by a blinded 
observer. Data was subjected to Analysis of Variance 
using a Duncan Waller test. 


Results. Analgesia was characterized by the time 
to the first request for narcotic (TFN) and the duration of 
a 0 pain score (DURO). These time intervals were 
measured from the injection of the epidural fentanyl. 
The time to regression of the sensory anesthesia to below 
L1 was measured (TL1). This time interval was measured 
from the last "top up" injection of local anesthetic during 
the surgical anesthetic.Duration of narcotic analgesia 
independent of local anesthetic sensory anesthesia (An-S) 
was defined as the time interval from regression of 
anesthesia to the first request for narcotics. If a patient 
requested narcotic analgesia before the sensory block 
regressed to below T-12, an An-S score of zero was 
assigned, 


Fentanyl did not produce analgesia (An-S) 
independent of the sensory local anesthetic block of N. 
There was no statistical difference from N in DURO, 
TFN, TL1 or An-S when CN was used. At a significance 


level of .05, this sample size was sufficient to give an 
80% probability of detecting a difference in DURO, TFN, 
TL, or An-S. 


DRUG N CN 
(mean + SD) 

DURO (min) 56+15 52419 
TFN (min) 85427 73426 
TL1 (min) 103427 117+57 
An-S (min) 1.545 1+2 


There was no difference in the height, weight, age, 
gestational age or the 24 hour narcotic requirements in 
each of the patient groups. 


Discussion. The choice of local anesthetic does 
influence the efficacy of postcesarean delivery epidural 
fentanyl analgesia. It was observed that the duration of 
opioid analgesia independent of local anesthetic sensory 
anesthesia was far less than one hour in all patients 
receiving 3% Nesacaine or alkalinized 3% Nesacaine. In 
our patient population there seems to be no Clinically 
significant period of opiate analgesia (An-S < 1 hour). 
Though N has long been known to affect the subsequent 
anesthesia with amide local anesthetics,“ it has only 
recently been reported to affect opiate induced analgesia 
in the neuraxis. The mechanism for this apparent 
antagonism has been postulated to be a change in the pH 
induced by the N (pH 3.3-5.3) or its metabolites.” We 
have not been able to overcome this antagonism with pH 
adjustment suggesting that the pH change is not the basis 
for the observed antagonism. 
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Introduction, This study was designed to confirm 
the efficacy of epidural fentanyl! analgesia after variou 
epidural local anesthetic preparations in clinical usc 
today. 2 


Methods. Thirty ASA Class I or II parturients for 
repeat cesarean delivery requesting epidural anesthesia 
(after consenting to an institutionally approved protocol 
were randomly assigned to receive either (1) 0.5% 
bupivacaine (B), (2) 2% lidocaine with epinephrine 
1:200,000 (L/E), or (3) 3% Nesacaine (N).  Surgica. 
epidural anesthesia was induced to T2-T4 sensory leve 
and maintained as dictated by standard clinica 
practice. At the end of surgery the sensory level oz 
anesthesia and a linear visual analog pain score were 
obtained immediately before the injection of 50 ug oz 
fentanyl, and every 30 minutes thereafter by a blindec 
observer. Data was subjected to Analysis of Variance 
using a Duncan Waller test. 


Results. Analgesia was characterized by the time 
to the first request for narcotic (TFN) and the duration of 
a 0 pain score (DURO). These time intervals were 
measured from the injection of the epidural fentanyl. 
The time to regression of the sensory anesthesia to below 
L1 was measured (TL1). This time interval was measurec 
from the last "top up" injecticn of local anesthetic during 
the surgical anesthetic.Durazion of narcotic analgesia 
independent of local anesthetic sensory anesthesia (An-S; 
was defined as the time interval from regression of 
anesthesia to the first request for narcotic. 


Fentanyl did not produce analgesia (An-S] 
independent of the sensory local anesthetic block of N. 


DRUG B L/E N 
(mean + SD) 

DURO (min) 133+71 100+48 56415* 
TFN (min) 233447 192454 85+27* 
TL1 (min) 2614452 188429 103427* 
An-S (min) 35444 54456 1.545% 


*statistically significant difference (p < 0.05) 
from LE or B 


There was analgesia that outlasted the sensory local 
anesthetic block for patients receiving L/E and the 
patient receiving B. The duration cf the analgesia (An-S) 
for the patients receiving B and L/E was one hour or 
less. There was no difference in the height, weight, age, 
gestational age or the 24 hour narcotic requirements in 
each of the patient groups. 


Discussion. The choice of local anesthetic does 
influence the efficacy of postcesarean delivery epidural 
fentanyl analgesia. Though N has long been known to 
affect the „subsequent anesthesia with amide local 
anesthetics,~ it has only recently been reported to affect 
opiate induced analgesia in the neuraxis.“ The 
mechanism for this apparent antagonism has been 
postulated to be a change ig the pH induced by the N (pH 
.3-5.3) or its metabolites.* The time to the regression 
of the sensory anesthetic block to below the T12 
dermatome was significantly longer in patients receiving 
B or L/E from those receiving N. There may be a 
prolongation of the local anesthetic sensory block by the 
opiates. Such synergism has not been investigated here. 
It was observed that the duration of opioid analgesia 
independent of local anesthetic sensory anesthesia was 
less thea one hour in all patients. In our patient 
population there seems to be no clinically significant 
period of opiate analgesia (An-S < 1 hour). 
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Introduction. Somatosensory evoked potentials 
(SSEP) have been used during cerebral aneurysm surgery 
to monitor brain function 12 The purpose of our present 
study was to evaluate the effectiveness of SSEP 
monitoring as a predictor of the neurological outcome 
during temporary arterial occlusion in patients undergoing 
cerebral aneurysm surgery. 


Methods. After institutional approval, 62 patients 
undergoing cerebral aneurysm surgery were monitored 
intra-operatively with SSEP. Anesthesia was induced with 
thiopentone, fentany!, lidocaine and succinylcholine. 
Maintenance of anesthesia consisted of 50% nitrous 
oxide/50% oxygen or air/oxygen and isoflurane. Induced 
hypotension was frequently used during dissection of the 
aneurysm, but whenever temporary occlusion of an 
artery was performed, blood pressure was returned to 
normal. SSEP were recorded from the somatosensory 
cortex (C3' and C4’) as well as from C7 spine or Erbs 
point in response to median nerve stimulation with a 
square wave at 15 mamp. Bilateral control SSEP were 
recorded after induction of anesthesia and during stable 
anesthesia. Throughout the periods of dissection, 
temporary occlusion of the feeding artery and clipping of 
the aneurysm SSEP were continuously monitored up to 
the end of the surgical procedure. The SSEP recordings 
were analyzed using both the amplitude of the cortical 
peak (N20) and the central conduction time {CCT) 
(N20-N13). Changes in SSEP were correlated to 
postoperative neurological deficits. 


Results. SSEP recordings were obtained in 62 
patients with 67 aneurysms (22 males and 40 females). 
The mean age was 48 years with a range of 26-71 
years. Temporary occlusion of the feeding artery was 
used in 40 patients. The significant findings of the 
patients with temporary occlusion are shown in the 
Table. The SSEP changes considered clinically significant 
were a decrease in amplitude > 50% of N20 and/or an 
increase in CCT > 1 msec. These changes also had to 
be unilateral and ipsilateral to the side of temporary 
occlusion. Bilateral changes were considered to be due to 
effects of anesthetic drugs or physiological factors such 
as temperature change. In Group I, one patient had no 
change on SSEP monitoring, but developed a neurodeficit 
in the Recovery Room. CT Scan showed a large epidural 
hematoma and after evacuation of the hematoma, the 
deficit resolved. In Groups 2 and 3, two patients had 
persistent SSEP changes and they both developed 
neurodeficits. Eleven patients had reversible SSEP 
changes, and only three of these had transient 
neurodeficits postoperatively. The time of onset of the 


maximum SSEP change after temporary occlusion 
occurred from 2.5 to 10 minutes and recovered after the 
release of the occlusion in all except the two patients 
with persistent changes. The duration of the occlusion 
ranged from .5 to 15 minutes, and in most patients there 
were multiple occlusions of short duration. Three patients 
in whom no temporary occlusion was used had reversible 
SSEP changes which occurred during brain retraction and 
induced hypotension; one patient developed a 
postoperative deficit. 


Discussion. We have demonstrated that SSEP 
monitoring is feasible during cerebral aneurysm surgery 
and useful when temporary occlusion of a major artery is 
required. The occurrence of a persistent change in SSEP, 
either a decrease in amplitude of N20 > 50% or an 
increase in CCT > 1 msec correlates well with 
neurodeficits postoperatively. In the patients who had 
reversible SSEP changes, only 27% developed a 
neurodeficit. Thus, a reversible change cannot be used to 
definitively predict the development of a deficit. This can 
be explained partly by the fact that the temporary 
occlusion of the artery was of short duration in most of 
the cases and the SSEP change recovered promptly after 
the release. The duration of a SSEP change that predicts 
cerebral injury is unknown. The clinical outcome is 
expected to be good if the change in SSEP recovers in a 
short time after occlusion. In conclusion, intra-operative 
monitoring of SSEP is useful in the assessment of the 
neurological integrity of specific neural pathways during 
the temporary occlusion of an artery. 
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TABLE 
SSEP REVERSIBLE PERSISTENT NEURO 
GROUP CHANGE CHANGE CHANGE DEFECIT 
1 No Change 0 0 1 
in=27) 
2 Jamplitude > 50% 5 1 2 
in=6) 
3 TCCT > 1.0 msec 4 1 3 
in=5) 
4  Jamplitude and TCCT 2 ie} ie) 
in=2) 
TOTAL (40) 11 2 6 
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Introduction. Mediastinal shed blood (MSB) i: 
used for postoperative autotransfusion to decrease 
requirements for banked blood transfusion and its 
associated risks To assess the value of this 
practice at our institution we measured hematocrit 
and platelet counts in MSB and in patients’ plasma 
before and after autotransfusion. In an attempt tr 
determine if autotransfusion might contribute to 
coagulation abnormalities in cardiac surgery 
patients we characterized MSB using new specific 
hemostasis markers. These parameters were measurec 
in patients’ plasma before and after autotransfusicr 
to determine if clotting was affected. 


Methods. The use of human subjects was approvec 
oy the hospital medical research committee and 
informed consent was obtained from all patients. Te 
yatients who underwent cardiac surgery on extra- 
:orporeal bypass under high dose narcotic anesthes+= 
vere studied. Mediastinal shed blood was collectec 
ising the Sorenson Receptal ATS System (Sorenson 
Xesearch Corporation, Salt Lake City, Utah). In th 
immediate postoperative period MSB was the only re 
tell product given. Patient samples were drawn by 
renipuncture postoperatively before and fifteen 
uinutes after autotransfusion. Samples of the MSB 
rere taken after 40 micron filtration from the end 
f standard blood infusion tubing. Samples were 
malyzed for hematocrit and platelet counts using 
m automated cell counter. Plasma levels of Platel=- 
‘actor 4 (Pf 4), Beta-thromboglobulin (BTG), and 
-ibrinopeptide A (FPA) were determined using 
itandard radioimmunoassay techniques. Fibrinogen 
split products (FSP), D-dimer (Dd) and antithrombin. 
IIT (AT III) were measured using an automated 
entrifugal analyzer (Instrumentation Laboratories, 
exington, MA). Data was analyzed using a paired 
-test. 


Results. Immediate postoperative autotrans— 
usion volumes ranged from 200 to 500 ml. (mean 313 
1.). MSB had a mean hematocrit of 16.6 + 3.9% and 

mean platelet count less than 20,000. There was 
o statistically significant change in either of 
hese parameters between the pre- and post-auto- 
ransfusion patient sample times. MSB contained 
ery high levels of Pf 4, BIG and FPA. There was 

o significant change in patients' plasma levels of 
hese markers after autotransfusion. FSP were 
levated in the MSB (256 ng/ml) and increased 

from 27.2 + 7.7 to 147.2 + 60.7 ng/ml) in patients 
ollowing autotransfusion (p .05). D-dimer was 

Iso elevated in MSB and shcwed a similar increase 
ollowing transfusion. AT III levels were low in 


the MSB and there was no change in patients’ plasma 
levels əf this protein following autotransfusion. 


Discussion. Eeports published during the late 
1970s suggested MSE for autotransfusion had hema- 
tological characteristics similar to whole blood2 . 
Our results concur with other investigators 
suggestion MSB is very dilute and does not sign- 
ificantly increase patients hematocrits or platelet 
counts3, Therefore use of MSB as a primary source 
of blood cell replacement may not be beneficial. 

It has been suggested that MSB may be "partially 
clotted" and massive transfusion of this substance 
may cause a coagulopathy’. Our results give further 
evidence to the theory that this substance is 
partially clotted by showing there are altered 
levels of new specific hemostasis markers in MSB. 
We found high concentrations of the platelet 
specific released products Pf4 and BTG in MSB in- 
dicating platelets were activated. FPA, FDP, and 
D-dimer were elevated suggesting fibrin formation 
and degradation were accelerated in MSB. Anti- 
thrombin III was low in MSB suggesting high 
concentrations of activated thrombin were present, 
Further investigation using these new specific 
hemostasis markers pn a larger patient population 
with a control group will be done to determine if 
autotransfusion with MSB could contribute to the 
development of a coagulopathy in the postoperative 
period following cardiac surgery. 
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Introduction. Multiorifice catheters have 
been shown in vitro (1) and in vivo (2) to be 
superior to single orifice catheters in 
retrieving air emboli. Proper positioning with 
the most proximal orifice 1 to 3 cm proximal to 
the junction of the superior vena cava (SVC) and 
the right atrium (RA) is essential to obtain the 
greatest percentage of air retrieval (1). 

Single orifice catheters can be placed 
accurately by using the catheter as an electrode 
in a bipolar ECG lead (3). Studies using the 
multiorifice catheter as an electrode in a 
bipolar lead are lacking. This study was 
designed to determine whether a multiorifice 
catheter (Arrow multiorifice 85-cm 16-gauge 
catheter) can be placed accurately by using the 
catheter as an intravascular electrode. 


Methods. Four mongrel dogs weighing 25 to 
30 kg were anesthetized with halothane l to 2% 
in oxygen. A short introducer (3 to 5 cm) was 
inserted into the right external jugular vein. 
A right thoracotomy was performed so that the 
SVC-RA junction could be visualized and 
palpated. The multiorifice catheter was marked 
in centimeter increments from the tip. This 
catheter has 5 orifices - one at the tip and 4 
side orifices. The first side orifice is 1.2 œ 
from the tip and the other orifices are located 
>roximally at 0.5-cm increments up the 
catheter. A similar catheter was cut just 
proximal to the first side orifice, making it a 
single orifice catheter. An Arrow-Johans 
intravascular ECG adapter was placed proximal to 
the catheter hub and this was connected to a 
saline-filled IV infusion set. The left leg 
alectrode connection was placed on the adapter 
and the ECG recorder was set on LEAD II. Paper 
speed was 25 mm/second and calibration was 0.5 
mv/em. The catheter was advanced through the 
sheath in l-cm increments and the ECG 
recorded. This was done for both the 
multiorifice and the single orifice catheters. 
The distance from the SVC-RA junction was 
determined by palpating the tip of the catheter 
through the thoracotomy at the SVC-RA 
junction. Negative numbers refer to positions 
in the SVC proximal to the SVC-RA junction. 
Positive numbers refer to positions in the RA 
distal to the SVC-RA junction. 


Results. The intravascular ECG differed 
markedly between the multiorifice and the single 
orifice catheters. The single orifice catheter 
resulted in the follwoing ECG trace: negative 
deflection of P wave and QRS in the SVC, P wave 
amplitude exceeded the QRS amplitude somewhere 
between -2 and +2 cm from the SVC-RA junction, P 
wave became biphasic with an upward/downward 
deflection ratio of at least .16 at either +2 or 
+3 cm from the SVC-RA junction. The 
multiorifice catheter resulted in the following 
ECG trace: negative deflection P and QRS in the 


SVC, P wave amplitude never exceeded QRS 
amplitude, P wave never became biphasic, P wave 
reached maximum amplitude (negative deflection) 
on the average at +l cm from the SVC-RA 
junction. The figure shows the P wave 
amplitude/maximum P wave amplitude plotted 
against the distance from the SVC-RA junction. 
The amplitude peaks at +l and remains high for 
several cm past the juction of the SVC-RA. 
Therefore, the optimal position for this 
multiorifice catheter is obtained by advancing 
it util maximum P wave amplitude and 
withdrawing 1 to 2 em, thereby placing the most 
proximal port l to 3 cm proximal to the SVC-RA 
junction. 


Discussion. This study indicates that a 
multiorifice catheter can be placed accurately 
by using an intravascular ECG. The optimal 
position of the multiorifice catheter depends 
somewhat on the designe The most proximal 
orifice aspirates most effectively (has the 
largest negative pressure) and therefore it 
should be 1 to 3 cm above the SVC-RA junction. 
If the orifice location varies significantly 
from the catheter used in this study, not only 
may the ECG be different, but the multiorifice 
catheter may have to be withdraw more or even 
advanced to locate the most proximal orifice 1 
to 3 cm above the SVC-RA junction. This 
contrasts with the placement of a single orifice 
catheter where the catheter is usually pulled 
back several cm from where a biphasic P wave is 
obtained. This study demonstrates that in dogs 
the placement to the most effective position for 
a single orifice or a multiorifice catheter by 
intravascular ECG differs considerably. 
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Introduction. Placement of a central 
venous catheter for aspiration of venous air 
2mboli is important in patients at high risk for 
antrainment of large amounts of air. The use of 
a multiorifice catheter has been show to be 
superior to a single orifice catheter in an 
{n-vitro model of the right heart. In dogs, a 
nultiorifice catheter was also show to be 
superior to a single orifice catheter in both 
percentage of air retrieved as well as incidence 
əf successful resuscitation. The most effective 
position for a multiorifice catheter appears to 
glace the most proximal orifice 1 to 3 cm above 
zhe superior vena cava-right atrium (SVC-RA) 
junction. Several multiorifice catheters are 
available which differ in lumen area, length, 
orifice pattern and site of orifice placement. 
fo our knowledge, no study has determined how to 
aspirate such a catheter. Therefore, this study 
vas undertaken to determine what range of flow 
cates is necessary to retrieve significant 
imounts of a bolus air embolus and how long 
shese flow rates need to be applied. Although a 
large syringe can generate an appreciable amomt 
>f negative pressure and thus flows, it is 
lmpractical in that it ties up the 
inesthesiologist and has a limited volume. The 
iodalities studied were a variable-speed roller 
sump and a vacuum bottle. 


Methods. Six mongrel dogs weighing 25 to 
IO kg were anesthetized with halothane in oxygen 
ind pancuronium. A right-sided thoracotomy ws 
veerformed and the air aspiration catheter was 
mserted via the right internal jugular vein so 
that the tip ož the catheter was palpable at the 
iVC-RA junction. This distance was measured and 
ill subsequent catheters were placed to the same 
‘epth. The animals were instrumented with a 
‘ulmonary artery catheter and an aortic pressure 
catheter. The animals were inclined to 45 
grees by means of a specially built table. 
ir was injected as a 2 mL/kg bolus over 20 
econds into a forelimb intravenous line. 
spiration through the central catheter was 
egun 5 seconds after the air injection 
tarted. Three aspiration modalities were 
ested for each catheter. A variable-speed 
oller pump with flow rates of approximately 150 
nd 250 cc/min (measured through the connecting 
ubing without a catheter) and a vacuum bottle 
approximate negative pressure -20 inches of Hg 
nd flow rate of 250 cc/min] were used. 
spirations were continued for l minute and all 
ir was collected in a bubble trap. The time 
eriod from the start of aspiration util no 
ore air could be aspirated (only an occasional 
ubble was seen in the tubing) was recorded. 
our multiorifice catheters were tested: Arrow 
5-cm 16-gauge, Arrow 30-cm l6-gauge, Cook 60-cm 
4-gauge, Cook 24-cm l4-gauge. Total flow was 
alculated as air plus blood aspirated. 


Results. The percentage of air retrieved 
sing the roller pump was linearly related to 


% AR RETRIEVED 


the total flow with an R value of 0.92. The 
calculated flows for 25, 50, and 75% air 
retrieval are 121, 167, and 212 cc/minute 
respectively. The Arrow 85~cm catheter, which 
only allowed flows of approximately 100 cc/min, 
consistently aspirated less air. The other 
three catheters allowed comparable flows with 
the different modalities and consequently 
aspirated similar amounts of air. The 
percentage of air retrieved was also linearly 
related to the total flow achieved with the 
vacuum bottle with an R value of 0.90 (Figure 
1). The calculated flows for 25, 50, and 75% 
air retrieval are 108, 140, and 173 
respectively. The time wmtil no air ws 
retrieved was less than 45 seconds in all cases. 


Discussion. This study demonstrates that 
the percentage of air retrieved is linearly 
related to the flow generated through the 
catheter. Seventy to 90% of the air could be 
retrieved with flow rates of approximately 225 
cc/minute by either the roller pump or the 
vacuum bottle. Flows of approximately 100 
cc/minute resulted in only 10 to 20% of air 
retrieved. This can be explained by the fact 
that virtually all of the air is aspirated by 45 
seconds so that high flows for a short time are 
needed. The vacuum bottle out-performed the 
roller pump probably because of a faster 
response time in that the roller pump took 
several seconds to reach peak flows once 
activated. Under the conditions of this study, 
which attempted to simulate life-threatening 
bolus air embolus in 45-degree upright dogs, the 
following conclusicns can be reached: 1) A 
catheter and an aspiration system which will 
generate flows of at least 200 cc/minute are 
desirable. Therefore, the resistance of a 
catheter and retrieval system must be critically 
analyzed. 2) Response time is very important as 
air is either aspirated or passes through the 
heart very rapidly. 3) The hole pattem of a 
muitiorifice catheter may not be as important as 
the flow characteristics (i.e., the resistance) 
of the catheter. 
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Introduction. Halothane attenuates adrenergic 
responsiveness by inhibiting ganglionic transmission 
and norepinephrine release from the postganglionic 
presynaptic nerve terminals. Additionally, 
halothane may affect adrenergic responses at the 
postsynaptic effector cell although the direction 
and extent of these changes is controversial. Since 
coinciding presynaptic effects may be the 
confounding variable in the interpretation of the 
conflicting data, we have used the isolated rat 
adipocyte as a model in which to test halothane's 
postsynaptic effects on adrenergic responses(Fig 1). 
When &-adrenergic receptors are occupied by agonists 
such as isoproterenol, they activate adenylate 
cyclase. This catalyzes the conversion of ATP into 
cAMF which binds to the regulatory component of 


cAMP-dependent protein-kinase, releasing the 
catalytic unit that activates hormone-sensitive 
lipase by phosphorylation. Previously we 


demonstrated that halothane inhibited &-stimulated 
lipolysis! by an action at a site distal to the 
cAMP-dependent protein kinase step~ (Fig 1). By 
examining subsequent steps in the biochemical 
cascade, we now report on the molecular mechanism 


whereby halothane produces &-adrenergic 
‘ayporesponsiveness. 
isoproterenol 
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Methods. The effect of halothane (2.5%v/v in 
02/202), on_the lipolytic response (nmol of glycerol 
released/10 rat adipocytes/h) to isoproterenol 
stimulation, 10°°M was assessed at concentrations 
known to result in the maximal inhibitory and 
stimulatory effects!, Cyclic AMP-dependent protein 
kinase (A-kinase) activity and hormone-sensitive 
lipase activity were assayed at the same 
isoproterenol and halothane concentrations. Also, 
to determine whether halothane affected enzyme 
assays directly, the catalytic activities from 


unexposed cells were also measured with halothane in 
the assay medium ("broken cell preparation"). For 
all experiments, control exposures (09/C0,) were 
performed in parallel and assays were performed in 
triplicate. Paired t-test was used to compare data 
with and without halothane exposure. Statistically 
significant differences existed when the P value was 
<0.05. Data are expressed as means +SEM of 4 
separate experiments unless otherwise indicated. 

Results. The addition of halothane did not 
change isoproterenol-stimulated A-kinase activity 
ratio (0.62+0.04 vs 0.60+0.05). Isoproterenol (D), 
increased the activity of hormone-sensitive lipase 
four-fold above the basal levels (4) in the control 
cells (Fig 2). However when cells were exposed to 
halothane in the presence of isoproterenol (J), the 
stimulation of hormone - sensitive lipase was 
attenuated by 70% (Fig 2). Halothane had no direct 
inhibitory effect on the isoproterenol-stimulated 
activity of hormone-sensitive lipase in the broken 
cell preparation. 


Discussion. Halothane, dose-dependently and 
reversibly, inhibits isoproterenol-stimulated 


glycerol release in isolated adipocytes. In the 
present study we have found that halothane did not 
prevent the activation of A-kinase by isoproterenol 
nor did it impair A-kinase activity. However, there 
was a marked inhibition in isoproterenol's ability 
to activate hormone-sensitive lipase enzyme activity 
during halothane exposure (Fig 2) which was not 
present under broken cell conditions. Our data 
suggest that halothane markedly attenuates the 
activation of hormone-sensitive triglyceride lipase 
activity (Fig 1) in the presence of appropriately 
activated A-kinase (the protein phosphorylating 
enzyme). It is conceivable that many of halothane's 
pharmacologic properties in other systems, (e.g. 
negative inotropy in the heart) may be explained in 
part by its ability to attenuate phosphorylation and 
thus activation of regulatory proteins (e.g. 
voltage-sensitive calcium channels). 

References. 1. Prokocimer PG, Mirsky N, 
Vickery RG, Hoffman BB, Maze M: Halothane-inhibits 
isoproterenol-stimulated lipolysis in isolated rat 
adipocytes, Anesthesiology A 230, 1986 

FIG. 2: EFFECT OF HALOTHANE ON HORMONE-SENSITIVE LIPASE 
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Introduction. The duration of electrical 
systole (QT) is shorter and parallels the 
slectromechanical systole (QS,) throughout the 
‘esting heart rate (HR) in nofmal s. Reverse of the 
lormal QT<OS, relationship constitutes a major risk 
*or sudden dSath in patients with coronary artery 
fisease (CAD) (1). 

The greatest proportion of coronary flow occurs 
In diastole and subendocardial flow is totally 
{fastolic particularly in patients with CAD and 
eft ventricular hypertrophy (2,3). 

Studies have shown that increased adrenergic 
ictivity and/or pharmacologic agents may alter the 
iormal QT-QS, relationship and the diastolic time 
subendocardtal perfusion time) (2,3). 

The effect of anesthesia induction on QT-OS 
‘elationship and diastolic time (DT) have not béen 
thoroughly evaluated. The present study was. 
indertaken to investigate the change in QT-OS 
‘elationship and DT during anesthesia inducti6n in 
‘atients undergoing elective surgical procedures 
th a normal cardiovascular system. 


Methods. Eleven ASA I-II patients aged 17-55 
31.6+11.5) were studied. All patients were pre- 
ixygenated with 100% oxygen before the anesthesia 
nduction with thiopental 6 mg/kg and 
uccinylcholine 1 mg/kg. Following adequate muscle 
‘elaxation, the trachea was intubated. Anesthesia 
‘afntenance consisted of a 70/30% mixture of 
Itrous oxide/oxygen with 2-3% Isoflurane. 

Electrocardiogram and phonocardiogram were 
‘corded continuously on FM tape. The QT, QS, and 
T (cardiac cycle (RR) minus QS,) were measuréd 
rom the recordings at the following times: 
reinduction, after thiopental, after 
uccinylcholine, after intubation, and every three 
inutes for nine minutes. Five to 10 cardiac 
ycles were averaged at each time to minimize 
espiratory variations. Blood pressure was 
easured by oscillometry. Statistical evaluation 
as performed using analysis of variance with 
epeated measures. 


Results. The normal OT<OS, relationship 
eversed (QT>0S,) in all patiefits sometime during 
he anesthesia ¢nduction (p<0.0001). DT/sec and 
T/min decreased significantly (p<0.0001). HR and 
100d pressure increased during anesthesia 
nduction (see Table). 


Discussion. Our results demonstrate that 
significant changes occur in QT-CS, relationship 
and DT during anesthasia induction“in patients 
without cardiovascular disease. The decrease in 
diastolic time may compromise subendocardial 
perfusion in patients with CAD and/or left 
ventricular hypertrophy (2,3). The abnormal aT-as, 
relationship (QT>QS,) may result in ventricular 
arrhythmia in patiefits with electrical instability 
(1). This study provides the basis to compare 
other types of anesthesia induction in patients 
without cardiovascular disease and/or with 
pathologic states. 
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TIME* 
PARAMETER 1 2 3 wa ets, o 
aT-as2 -28.09 -20.08 -7.80 12.48 8.98 -20.59 
msec #18.33 410.32 +7.37 +16.06 +16.09  +10.45 
DT/: 47 .92 268.40 19. $ 4.61 
mece’  +443:40 721:35 268-49 138.21 ENEN 
DT/min 30.64 27.81 24.79 2.81 23.37 23.46 
sec +4.69 45.38 43.29 42,26 45025 x2 eyy 
HR 73.54 64.76 95.58 110.93 115.04 97.91 


beats/min 417.27 419.22 112.61 +7.11 +25.83 410.71 


*l=pret nduction 
=thiopenta]l 
3=succinylchol ine 
4=intubation 
5=3 minutes from thiopental 
6=9 minutes from thiopental 
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Introduction. Nalbuphine, a mixed agonist/ant- 
agonist opioid, is said to antagonize the respirat- 
ory depressant but less so the analgesic effects of 
fentanyl. To determine if nalbuphine were to antago~ 
nize fentanyl's cardiorespiratory and analgesic 
effects at different doses, we studied dose/effect 
relations in unanesthetized dogs in whom a maxi- 
mally effective concentration of fentanyl in the 
cerebroventricular system was maintained by con- 
tinuous perfusion. 

Methods. Seven experiments were performed on 
five unanesthetized beagle dogs in whom stainless 
steel cannula, one in a lateral ventricle and the 
other in the cisterna cerebello-medullaris, had 
been implanted for cerebroventricular perfusion 
with fentanyl in previous operations (1). 

The following variables were recorded: heart rate, 

arterial blood pressure, respiratory rate, arterial 
blood gas tensions, and pH. To test for analgesia, 

increases in heart rate and blood pressure in res- 

ponse to tail clamping with a hemostat were used. 


While maximally effective intraventricular concen- 
trations of fentanyl (50 ug/ml, flow rate 0.1 ml/ 
min) were maintained throughout the course of the 
experiments, increasing amounts of i.v. nalbuphine 
were injected in 5 min intervals (25, 50, 100, 200, 
500, and 1000 to a total of 1875 ug/kg within 30 min) 
to antagonize the fentanyl~induced effects. 

Results. The fentanyl-induced cardiorespiratory 
and analgesic effects all were antagonized by 
nalbuphine in the same dose range (Fig. 1). Cerebro- 
ventricular perfusion of fentanyl elicited a marked 
fall in heart and respiratory rate with signs of 
alveolar hypoventilation, unresponsiveness to tail 
clamping, and sleep-like behaviour in all dogs. In 
spite of continued intraventricular fentanyl con- 
centration, nalbuphine reversed all these effects 
in a dose-related fashion. In fact, all animals 
woke up, showed normal cardiovascular response to 
tail clamping, and resumed normal cardiorespiratory 
function after the fifth dose, i.e. after a total 
dose of 1875 ug/kg nalbuphine. 

Discussion. With the cerebroventricular perfu- 
sion protocol employed here, fentanyl produced the 
same cardiorespiratory and analgesic effects as 
maximally effective doses after intravenous injec- 
_ tion in awake dogs (2). Since nalbuphine reversed 
the fentanyl-induced cardiorespiratory and also the 
analgesic effects in the same dose range, it is 
apparantly impossible to reverse with nalbuphine 
fentanyl's unwanted cardiorespiratory depressant 
effects but to maintain its analgesic action. Thus, 
nalbuphine, in agreement with previous experiments 
(3) exhibits merely opiate antagonist rather than 
agonist properties in dogs. 
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Fig. 1 

Agonist action of intravenous nalbuphine on fentanyl- 
induced cardiorespiratory and analgesic effects in 
unanesthetized dogs. 

Note, in the presence of maximally effective intra- 
cerebroventricular concentrations of fentanyl, nal- 
buphine reverses all fentanyl-induced effects in the 
same dose range. 
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Introduction. D-Ala2-D-Leu5-Enkephalin (DADL) is 
an opioid peptide with preferential affinity to 
Opiate receptors of the deita-type. In awake dogs, 
intrathecally applied DADL produced naloxone—rever- 
sible analgesia and respiratory depression, but no 
cardiovascular effects!. Because of its poor lipo- 
philicity, this agent has been advocated for intra- 
thecal administration for the treatment of intrac- 
table pain2?3/4, In view of the potential risk of a 
cephalad spread it appeared to be of interest to 
study the effects of intraventricularly applied DADL. 

Methods. In 6 experiments on awake dogs, DADL 
was perfused continuously in increasing concentra- 
tions (5-200 ug/ml at a flow rate of 0.1 ml/min) 
through the cerebroventricular system via chronically 
implanted steel cannula (ore in a lateral ventricle 
the other in the cisterna cerebello-medullaris). The 
zardiovascular (heart rate, arterial blood pressure’, 
tespiratory (respiratory rate, arterial blood gas 
tensions and pH) and also analgesic and behavioura_ 
2ffects (response to tail clamping) were monitored. 


while the intraventricular concentration of DADL wes 
taintained constant, antagcnization was attempted 
vith either naloxone (doses from 25 - 800 ug given 
intravenously every 5 minutes) or with the delta- 
selective antagonist ICI 154129 (perfused through 
che cerebroventricular system, concentration range 

> — 5000 ug/ml). 

Results. Intraventricularly applied DADL pro- 
juced a concentration-related bradycardia with a 
slight increase in arterial blood pressure and 
cespiratory slowing with signs of alveolar hypoven- 
cilation (increase in PaCO. and decrease in pH and 
?a05) (Fig. 1). All animals’ showed sleep-like beha- 
riour, and were rendered unresponsive to painful 
stimulation at intraventricular DADL-concentrations 
X£ 200 ug/ml (Fig. 2). All of these effects were re- 
rersed by naloxone in a dos2-related fashion, where- 
is ICI 154129 was ineffective. 

Discussion. DADL, when perfused through the 
ntracerebroventricular system produces cardiorespi- 
‘atory slowing with alveolar hypoventilation, sleep- 
-ike behaviour and analgesia in awaké dogs. This 
sattern resembles that of other opioids with high 
ffinity for mi-binding sites, particularly that of 
fentanyl5. Since all effects of DADL are promptly r= 
rersed by naloxone, but not by the delta-selective 
mtagonist ICI 154129, we suggest that DADL much 
ike the classical opiates acts at opiate receptors 
£ the mu-type. 
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Fig. 1 Cardiorespiratory effects of increasing intra- 
cerebroventricular concentrations of DADL. Naloxone 
was injected intravenously at increasing doses (25, 
50, 100, 200, 400, and 800 ua) every 5 minutes. 
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Fig. 2 Nutber of animals unresponsive to painful sti- 
mulation by increasing intracerebroventricular concen- 
trations of DADL. Dose-related antagonism by in- 
creasing amlunts of i.v. naloxone (25, 50, 100, 200, 
400, and 300 ug). 
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Introéuction: Epidural fentanyl has been successfully used 
for post-operative analgesia in patients undergoing 
thoracic surgery. Due to the high lipid solubility and rapid 
tissue uptake of fentanyl, the risk of rostral spread and 
delayed respiratory depression is reduced by comparison 
with that following the use of morphine. It has been 
stressed that in order to be effective in thoracotomy 
patients, the drug must be administered into the thoracic 
epidural space proximally to the level of the incision. 
Previous studies of lumbar epidural fentanyl have 
suggested increased spread of analgesia by increasing 
dosage and volume of drug administered. The thoracic 
placement of a epidural catheter is more difficult and 
potentially more dangerous than insertion into the lumbar 
epidural space. We, therefore, investigated the feasibility 
of injecting a high dosage/high volume of fentanyl into the 
lumbar epidural space to improve rostral spread and 
achieve adequate thoracic analgesia. 

Methods: All patients undergoing elective thoracotomies 
and median sternotomies for non-cardiac surgery within a 
four month period were included. All were premedicated 
with MS .1 mg/kg IM, Promethazine 0.5-1.0 mg/kg IM and 
Glycopyrolate .2-.3 IM. Upon arrival to the operating 
room, EKG, BP cuff, foley catheter, intravenous, and 
arterial lines were inserted. An epidural catheter was 
placed at the third or fourth lumbar intervertebral space. 
Proper placement of catheter was ascertained using 
Lidocaine 1.5% with epinephrine 1:200,000. General 
anesthesia was induced with Pentothal 5 mg/kg and 
Vecuronium .15 mg/kg (only on thoracotomies), and 
maintained with Forane/N50/0o. No narcotic was 
administered during surgery. Thirty minutes prior to the 
conclusion of anesthesia, fentanyl 200 ug in 16 cc NS (total 
volume 20 cc) was administered via the epidural catheter. 
All patients were tranferred to the ICU. Supplemental 
oxygen was administered and respiratory rates were 
monitored by the nursing staff. Upon complaint of pain, 
which was rated by the patients on a scale of 0 to 10 (0 = 
no pain, 10 = severe pain) additional dose of fentanyl 200 
ug/NS 16 cc were injected epidurally and pain scores 
attained 30 minutes thereafter. Interval between all 
epidural doses were recorded. Arterial blood gases were 
determined pre-injection and at 30 minutes after the 
administration of each epidural dose. Catheters were 
removed prior to discharge from the ICU or after 
documentation of migration out of the epidural space. 
Data were analyzed using Student's t-test and Mann- 
Whitney Test. All results were expressed as mean + SD. 
Null hypothesis was rejected at p 0.05. All thoracotomies 
were performed at either T4 or T5 interspace. Fentanyl 
dosing interval, pain scores and resting pC 0, are shown. 


Results: Seventeen patients, nine males and eight females 


were studied so far. Their age ranged from 18 to 73 
years. Procedures included lobecto mies, 
pneumonectomies, pleauradeses and thy mectomies. 


Fentanyl Dosing Interval 3.8 + 1.4 hrs. 


Resting pC 0» Pre-injection 40+7 mmHg 

Post 41+5 mmHg 
Duration of catheter placement 26 + 12 hours 
First Dosage Interval 3.7 + 1.5 hrs. 
Last Dosage Interval 5.0 + 3.5 hrs. 


Percent of Patients With Pain Score 
Pain Score 0 1 2 3 4 5 6 7 8 9 #10 
Pre-injection 7 7 #15 32 11 29 
Post-injection* 12 23 47 13 
*Significantly different from pre~injection scores 


All patients experienced pain relief within 15 minutes 
after fentanyl administration. Although somnolent after 
each dose, they were easily arousable and behaved 
appropriately at all times. There was no incidence of 
significant respiratory depression and hypercarbia. In fact, 
one patient who had undergone a pneumonectomy, was 
found to have pC 0» decreased from 57 to 43 mmHG after 
injection. This was attributed to an improvement of 
ventilation with pain relief. No statistically significant 
difference between dosage intervals could be elicited from 
the data. One episode of nausea, not requiring treatment, 
was recorded. Vomitting and pruritis were absent in our 
population. Foley catheters made it impossible to assess 
urinary retention. 

Conclusion: Adequate analgesia was achieved in all post- 
thoracotomy/sternotomy patients studied by injecting 
fentanyl 200 ug in a 20 ml volume. This high dosage/high 
volume technique resulted in sufficient rostral spread to 
provide adequate anagesia to our population. The rapid 
onset and moderate duration of action were in agreemen| 

with studies involving abdominal procedures. 

Theoretically, high volume/high dosage techniques might 
be associated with an increased evidence of side effects. 
This was not the case in our study. No patient experienced 
significant respiratory depression, vomiting or puritis. We 
propose the use of this technique as a safe, practical 
alternative to thoracic epidural analgesia for post- 
operative pain relief in patients undergoing thoracic 
surgery. 
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Introduction. Non cardiac surgery in heart transplart 
recipients is becoming increasingly common due to tha 
improved results and increasing frequency of cadia 
transplantation. The introduction of cyclosporine ñ 
immunosuppression at our institution in March 1983 has 
improved graft survival and decreased the amount of 
intercurrent infection in these patients. Recently animc! 
Studies have suggested an increased duration of action of 
barbiturates and possibly narcotics after an acute dose of 
cyclosporine (1). The response of patients maintained on 
chronic immunosuppressive therapy with cyclosporine te 
general and regional ansthesia has not been widel- 
documented. 

Methods. | Twenty-eight of 124 heart transplan- 
recipients grafted since March 1983 at our institution 
underwent 35 noncardiac operative procedures after 
transplantation. We have retrospectively reviewed thei- 
anesthetic management in an attempt to define optima’ 
anesthetic technique for this group of patients and te 
determine if chronic cyclospcrine therapy has any effec- 
on the course and duration of anesthesia. 

Results. The noncardiac surgical procedures requiring 
anesthesia are listed in Table I. Operations in all patients 
were performed between 4 months and 4 years after 
transplantation. All patients were chronically maintainec 
on cyclosporine and steroids for immunosuppression. 
Cyclosporine levels were followed weekly; endomyocardia! 
Diopsies are performed regularly. At the time of operation 
all patients had therapeutic levels of cyclosporine. Doses 
of cyclosporine were maintained perioperatively via an 
oral or NG route. All patients received stress doses of 
steroids  perioperatively. Sterile precautions were 
naintained. No patient was acutely rejecting at the time 
of surgery. Monitoring in all patients included EKG, BP by 
osc illometric technique, esophageal _stethescope, 
‘emperature, pulse oximetry and end tidal CO). One 
»atient who underwent resection of a thoracic aortic 
meurysm had a Swan Ganz catheter placed. Two of the 
hirty five procedures, a hernia repair and drainage of a 
high abscess were performed under spinal anesthesia using 
‘etracaine. The calculated dcse of tetracaine was based 
m patient height and location of the surgery. In both 
‘tases the dose provided excellent motor and sensory 
‘lockade. Both blood pressure and heart rate were 
‘onstant following the onset of anesthesia. Anesthetic 
luration was within normal limits. No complications 
ccurred. The remaining thirty three Procedures were 
erformed under genera! anesthesia. Two inhalation 
nductions with Halothane/N 0/0, were performed in one 
ive year old child for lymph node biopsy and 
erniorrhaphy. Up to 2.5% Halothane/70% N20/30% O> 
ras tolerated without complication, hypotension or 
rrhythmias. Intravenous inductions with barbiturate, 
arbiturate and narcotic or benzodiazepines were equally 
ffective. The amount of thiopental necessary to produce 
nconsciousness was 5-6 mg/kg in most patients. When 
arcotic (fentanyl 2ug/kg) was used as an induction agent 
ith thiopental the dose was reduced to 3-4 mg/kg. The 
atients also required normal benzodiazepine doses to 
roduce unconsciousness. In six patients anesthesia was 
idintained with narcotic, relaxant and N,0/05. 70% 


20/30% Oj was used in all these cases. Narcotic 
quirements were essentially normal, fentany! 5-8 


ug/kg/hour. Relaxants were used in routine doses. 
lsoflorane was the sole potent agent used with 70% NO 
30% /O4 in those patients maintained with inhalation 
agents. All patients received .5-1% isoflorane during the 
majority of anesthetic time. Muscle relaxation was 
achieved with either metubine (.2-.3 mg/kg) or vecuronium 
(.08 mg/kg) with neuromuscular block monitoring. Al 
patients were easily reversed at the termination of surgery 
with a single dose of neostigmine 2.5 mg and 
glycopyrrolate 0.6 mg intravenously. Extubation. was 
accomplished easily in the operating room. There were no 
immediate post operative complications. Hemodynamic 
stability is apparent in all anesthetic records. Heart rate 
remained between 90-105 bpm as is expected in the 
denervated heart. Blood pressure showed little variability 
in the group and remained between 100-150 systolic in all 
cases. There were also very few variations greater than 
10-15 mmHg within an individual's record. In particular 
there was often no sympathetic response to either 
intubation or incision. Fluid requirements were 
appropriate for the type of surgery. Sleep time was not 
prolonged in the immediate post operative period. 
Discharge from the recovery room was prompt in all cases. 
Discussion. A normal range of doses of intravenous 
agents, muscle relaxants, inhalation agents and local 
anesthetics provide effective anesthesia for noncardiac 
surgical procedures jin patients after cardiac 
transplantation on chronic cyclosporine therapy. Drug 
interactions between anesthetic agents, in particular 
barbiturates and narcotics and cyclosporine have been 
described in animal models (I). An acute dose of 
cyclosporine seems to increase sleep time and duration of 
anesthesia. In the clinical setting of a patient population 
chronically maintained on cyclosporine this does not seem 
to be the case. The small range of variability in both heart 
rate and blood pressure in each individual patient may 
make anesthetic depth difficult to determine 
intraoperatively. 
Reference. 
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Table |. Procedures Performed 

acemaker Insertion 
Open Long Resection 
Sternal Resection for Infection 
Mediastinal Drainage for Infection 
Pleural Abrasion 
Thoracic Aortic Aneurysm Resection 
Exploratory Laparotomy 

lliac Artery Repair 

Cholecystectomy 
Drainage For Rectal Abcess 
Herniorraphy 
Repair of Vental Hernia 

Cataract Surgery 
Lymph Node Biopsy 

Resection Aspergilloma Thigh 
Resection Posterior Thigh Mass 
Therapeutic Abortion 
Bilateral Hip Replacement 
Bilateral Core Reversal Femero! Head 
Arthroscopy 


N Ne eS NG os een NC aR) 


ABSTRACTS 


ANESTH ANALG $149 


1988;67:S1-S266 


Title: DOSE RESPONSE OF MIVACURIUM IN PEDIATRIC PATIENTS 


Authors: V Miler MD, N Goudsouzian MD, J Griswold MD, P Embree BA, C Eberly BS, S DiFronzo BSN, H Snyder, 


M Barsamian, V Foster MSPH, B McNulty MPH 


Affiliation: Department of Anaesthesia, Harvard Medical School at Massachusetts General Hospital, Boston, MA 
and Clinical Neuroscience Division, Burroughs Wellcome, Research Triangle. Park, NC 


Introduction. Mivacurium (BW B1090U) is a new 
nondepolarizing muscle relaxant whose safety and 
efficacy has been demonstrated in adults (1). It 
is characterized by a short duration of action and 
lack of cumulative effects (2). The current study 
was undertaken to evaluate the safety and the dose 
response relationship of mivacurium in pediatric 
patients. 


Methods. The protocol was approved by the 
Subcommittee on Human Studies, Committee of 
Rasearch, and by the Pharmacy Committee of our 
institution. Written informed consent was obtained 
from parents and from children seven years of age 
and older. 

Twenty-six ASA I & II children between the 
ages of two and twelve years were studied. 
Children less than 7 years were premedicated with 
rectal methohexital (20-40 mg/kg); older children 
did not receive any medication. The electro- 
cardiogram, heart rate, blood pressure, precordial 
sounds, oxygen saturation, end-tidal CO,, and 
temperature were routinely monitored. Supramaximal 
train-of-four (2 Hz for 2 sec) stimili were applied 
at a frequency of 0.1 Hz. The adductor pollicis 
contraction in response to stimilation of the ulnar 
nerve was recorded on a Grass polygraph with a 
force displacement transducer (Grass FT-03). 

General anesthesia was induced with nitrous 
oxide, oxygen, and halothane, and maintained with 
1.0-1.25% inspired halothane, nitrous oxide and 
oxygen (2:1 ratio). Following stabilization of the 
twitch response each patient received a single 
bolus dose of 0.02, 0.04, 0.05 or 0.06 mg/kg of 
nivacurium intraveously; the maximum neuromuscular 
depression after these doses was recorded. The 
vital signs were also ascertained; blood pressure 
and heart rate were measured at baseline, every 
minute for the first five minutes, and every two 
minutes for the following ten minutes, then 
routinely every five minutes. Surgical stimulation 
was minimal during the first ten minutes. Five 
minutes after the initial dose of mivacurium when 
the maximum neuromuscular depression was obtained 
from the initial dose, an additional dose of 0.1 
mg/kg of mivacurium was administered. Thereafter 
endotracheal intubation was performed. 

If residual neuromscular relaxation was 
present at the completion of the surgical 
procedure, atropine (0.03 mg/kg) and edrophonium 
(0.6 mg/kg) were administered. 


Results. The mean (+S.E.) age of the study 
group was 5.8(+0.8) years and the mean weight was 
23.0(+2.9) kg. Based on adult studies, we had 
expected that 0.02 mg/kg of BW 1090U would provide 
about 25% depression of the twitch response. 
However, after evaluating three children, we found 
that this dose did not achieve any significant 
neuromuscular depression. Therefore the initial 
dose was increased to 0.04 mg/kg. Consequently the 


remaining five patients in this group received 0.04 
ng/kg mivacurium that achieved 30(+10)% depression 
of the first twitch of the train of four (Tl). The 
following nine patients received 0.05 mg/kg of 
mivacurium that produced 53(+9.1)% depression of 
Tl. In the last nine patients 0.06 mg/kg produced 
68.2(4+9.2)% depression of Tl. The suppression of 
twitch response was positively correlated with the 
dose of mivacurium. The dose response relation was 
calculated from the depression of the initial Tl 
component of the train-of-four response pie the 
oe of mivacurium. The calculated ED 

for mivacurium were 0.039, 0.051, 8 095 ie 
Seay The slope of the dose response curve 
was 1.47. 

The subsequent dose of 0.1 mg/kg produced 
98.9(+1.3)% suppression up to Tl within 1.3(+0.2) 
min of its administration. Following this dose the 
time to recovery from injection of the drug to 5% 
of control twitch height occurred in 5.9(+0.6) min, 
to 25% control in 7.5(+0.5) min, and to 95% of 
control in 14.1(+1.1) min. 


Discussion and conclusion. Mivacurium is a 
short-acting nondepolarizing muscle relaxant with 
an ED,, of 0.051 and ED; of 0.095 mg/kg. Compared 
to adilt data of mivacurium (3), children seem to 
require larger doses of mivacurium on a mg/kg basis 
to achieve comparable degrees of neuromuscular 
depression. 

Mivacurium has an intermediate potency between 
atracurium and vecuronium, but has a significantly 
shorter duration than both of them (4,5). 
Considering the non-depolarizing nature of 
mivacurium and its short duration of action this 
drug may be valuable for short surgical procedures 
in children. 

The suppression of twitch response was 
positively correlated with dose of mivacurium 
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Introduction Evoked potentials, EEG changes 
produced by auditory, visual or sensory stimulaticr, 
have been used to assess the depth of anesthesia O) 
but their use in assessing recovery from anesthetic 
or sedative drugs has not been investigated. A 
previous study in our department using a double 
blind, placebo controlled design, demonstrated thet 
the amplitude of P399, a positive wave occurring 
300 ms after an auditory stimulus, was significantly 
reduced following the oral administration of 
midazolam 15 mg (2). The present study was 
therefore undertaken to investigate in detail the 
use of P399 amplitude in measuring recovery from 
midazolam sedation and to compare it with standard 
psychomotor techniques. 


Methods Following University Medical Ethical 
Research Committee approval 8 healthy, fasting mal= 
volunteers who had given informed verbal consent 
were recruited into the study. Scalp electrodes 
were attached and baseline auditory evoked 
potentials (AEP's) recorded from midline sites 
referred to linked mastoids. Psychomotor testing, 
consisting of 4-choice reaction times (CRT's) and 
critical flicker frequency threshold (CFFT's) was 
also carried out, the subjects having undergone a 
minimum of 20 practice sessions beforehand to reduz 
practice effects. Midazolam 0.3 mg kg-l was then 
infused intravenously at 1 mg min™+ and AEP, CRT 
and CFFT measured at hourly intervals for the next 3 
hr. Midazolam concentrations were estimated using 
GLC on blood samples taken immediately prior to eack 
test session. 


Results The results are summarised in Table 1. 
Their analysis showed that P39q amplitude was 
initially greatly reduced but recovered in a time 
dependent fashion, regaining baseline levels 
approximately 6 hr after the start of the infusion. 
The results for the CRT and CFFT were similar, botk 
of these also achieved baseline levels at 6 hr. Tke 
blood midazolam concentrations were highly 
correlated (Pitman rho correlation) with P300 
amplitude (r = 0.81, p < 0.001). Analysis of 
individual results showed that this correlation was 
significant for all patients (p < 0.05). This 
analysis was repeated for koth the CRT's and CFFT's 
and similar degrees of correlation were obtained. 


Discussion All three methods of assessing 
recovery achieved baseline levels at approximately 
the same time and showed the same high degree of 
correlation with blood midazolam levels 
demonstrating that they are of similar sensitivity 
in measuring recovery from benzodiazepine sedation. 
In all subjects the clinical impression was that all 
volunteers were fully recovered by the end of 6 hr 
period suggesting that the tests produce clinically 
relevant results. 


As an index of recovery evoked potential 
measurement has theoretical attractions: it is 
objective, in some circumstances can be measured 


without the need for the subject's active 
co-operation and is not subject to practice 
effects. Practice effects, a major disadvantage of 
psychomotor testing, were largely eliminated by our 
study design but the repetitive testing required to 
do this may not be practical in the clinical 
situation. The results show that P399 amplitude 
provides a sensitive and accurate measure of 
recovery but in these circumstances had no 
advantages over the much simpler CRT and CFFT 
measurements and at this stage cannot be recommended 
as a superior alternative. 

) 


Table 1 Mean (+ SD) blood midazolam levels, AEP's, 
CRT's and CFFT's. 


Time Blood levels AEP (uV) CRT (ms) CFFT (Hz) 
(hr) (ng mi~1) 


- -11.3+3.64 408 + 52 26.4+5.27 


0 

1 259 + 52 -2.8+1.06 951 +325 13.4+0.79 
2 176 + 64 -4.7+4.11 758 +274 18.8+2.50 
3 127 + 54 -6.0+3.83 635 +274 21.9+5.09 
4 90 + 45 -8.14+2.72 555 +187 24.2+4.55 
5 65 + 39 -8.9+2.72 460 + 88 25.8+4.22 
6 50 + 30 -10.7+3.25 440 +115 26.5+4.67 
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Introduction. The use of nitrous oxide-oxygen 
alone for maintenance of general anesthesia for 
Cesarian Section is associated with an unacceptable 
incidence of maternal awareness (1) which is 
reduced by the addition of low concentrations of 
the more potent inhalation agents (2). This study 
compares the effect of supplementation of 50% 
nitrous oxide-oxygen with either halothane or 
equivalent concentration of the more recently 
introduced isoflurane for this operation. 


Method. The protocol was approved by the Medical 
Ethical Research Committee and verbal consent from 
all patients was obtained. Healthy women for 
Cesarean Section were randomly allocated to receive 
either halothane or isoflurane. Following 
preoxygenation and institution of lateral tilt, 
anesthesia was induced with thiopental 4 mg kg7l 
followed by 100 mg succinylcholine and tracheal 
intubation. Maintenance anesthesia was with 50% 
N20 in O3 supplemented by either 0.5% halothane 
or 0.75% isoflurane until delivery, when N20 was 
increased to 70%. The halothane or isoflurane was 
continued until the beginning of skin closure. 
Muscle relaxation was maintained by an 0.1% 
infusion of succinylcholine and alfentanil 1.0 mg 
was given i.v. immediately after delivery. 

Patients were ventilated with a tidal volume of 
10 ml kg7t at a rate of 12 breaths per minute 
with end tidal carbon dioxide, F109 and inspired 
concentration of the inhalation agent being 
monitored. Oxytocin 5 units was given 
intravenously at delivery to promote uterine 
contraction with further increments given for 
persistent uterine relaxation or bleeding. 

The EKG and arterial blood pressure were 
monitored throughout and maternal arterial and 
umbilical venous and arterial pH and blood gas 
tensions were measured at delivery. The Apgar 
scores of infants were recorded at 1 and 5 minutes 
from birth. The surgeon graded uterine tone on an 
unmarked 10 cm visual analogue scale (VAS) and 
this, together with the need for supplementary 
doses of oxytocin give a clinical indication of 
uterine relaxation. Recovery was timed from end of 
anesthesia until response to commands. Ail 
patients were questioned at 24 hours with regard to 
intraoperative dreams or awareness. 

Where applicable findings are expressed as 
mean+SD. Significance levels were calculated by 
student 't' test. 


Results. Twenty-five patients received isoflurane 
and 24 halothane. The two groups were comparable 
with regard to mean age, weight, period of 
gestation and preoperative hemoglobin and 
hematocrit values. 

The uterine incision to delivery times for the 
isoflurane and halothane groups were 2.2+1.4 and 
1.94+0.9 min respectively. Systolic blood pressure 


fell below 100 mm Hg in 4 of the isoflurane series 
and in 2 given halothane. The average amount of 
infused succinylcholine was less in those given 
isoflurane, (174+63 mg) as compared to halothane 
{204+74 mg), but the difference was not 
statistically significant. Uterine relaxation was 
significantly greater in patients given halothane 
(P = 0.03). 

No patient in the investigation reported dreams 
or awareness during anesthesia. 

The Apgar scores are similar in both series 
(Table 1). Blood gas analyses show no difference 
between the two series (Table 2). Recovery time 
was significantly shorter in the isoflurane series, 
2.6+1.4 min as compared to 4.4+2.0 (P = 0.001) 
following halothane. 


Table 1. Apgar scores (range) in the two series. 


1 min 5 min 
Halothane . 
Mean 6.7 8.8 
Range (4-8) (8-10) 
Isoflurane 
Mean 7.4 8.9 
Range (5-8) (7-9) 





Table 2. Blood gas and pH data at delivery. 





Halothane Isoflurane 

pH 

Maternal 7.37+0.05 7.36+0.05 

Umbilical vein 7.30+0. 04 7.30+0.05 

Umbilical artery 7.27+0.04 7.26+0.05 
PCO KPa 7 

Maternal 4.5 +0.88 4.2 +1.00 

Umbilical vein 6.0 +1.05 5.6 +1.16 

Umbilical artery 6.5 +1.43 6.1 +1.03 
PO2 KPa 

Maternal 21.9 +6.47 19.0 +8.90 

Umbilical vein 4.9 +0.86 4.6 +1.36 

Umbilical artery 3.2 +0.84 3.5 +1.03 





Discussion. Isoflurane in 0.75% concentration is a 
satisfactory supplement to nitrous oxide-oxygen 
mixture for general anesthesia in obstetrics and has 
the added advantage over halothane of a more rapid 
recovery. 
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Introduction. Diazepam is commonly used fo- 
Sedation during diagnostic procedures. Studies 
designed to assess the effect of diazepam o2 
respiratory function have yielded conflicting 
results.'-> The respiratory response to diazepan 
is affected by the dose and rate of administration, 
as well as by methodologic and individual factors 
(e.g., anxiety). While carbon dioxide (C0o: 
responsiveness may not be affected by sedative 
doses of diazepam, respiratory drive can be 
depressed.1,3,4 Furthermore, investigators have 
reported a positive correlation between level o? 
sedation and degree of ventilatory depression .215 
Although flumazenil (a specific benzodiazepine 
antagonist) effectively reverses the sedative 
effects of diazepam, 7? its ability to reverse diaze- 
pam-induced respiratory depression has not been 
evaluated. Therefore, we assessed the effect or 
flumazenil on the hypoxic ventilatory response to 
diazepam. 

Methods. Seven healthy, consenting, unpremedicatec 
adults undergoing diagnostic procedures were stu- 
died according to a protocol approved by the 
Institutional Review Board. One hour prior tc 
their scheduled procedure, patients underwent 
control evaluations of level of alertness/sedatior 
and isocapnic hypoxic responsiveness. Alertness 
was assessed by a trained observer using a gradec 
scale (1=unresponsive to 5=fully alert). Sedatior 
was evaluated by the patient using a 100 mm linear 
analog scale (Q=awake/alert to 100=unresponsive, 
asleep). Isocapnic hypoxic ventilatory respon- 
siveness was assessed using a previously describec 
rebreathing method. This technique involves 
having subjects rebreathe from a 6-liter bag 
containing a gas mixture of 24% Oo, 7% COp anc 
balance No. Oxygen in the circuit falls as 02 is 
consumed and normocarbia (+1 torr) is maintainec 
using a CO> absorber. Arterial Op saturation was 
measured using ear pulse oximetry. Hypoxic respon- 
siveness was quantified by dividing the change ir 
minute ventilation ( AVg) by the change in arterial 
Oo saturation (AL/min/Zsat). (VE) was determinec 
on an 8 breath averaging basis at arterial Oz 
saturations from 100% through 75%. Forty tc 
seventy points were used to construct each hypoxic 
response curve according to the method of least 
square regression analysis. Intravenous diazepam, 
2.5-5 mg boluses, was administered to maintain é 
stable level of sedation in which the patient was 
asleep but responsive to verbal commands. After 
the procedure, the state of consciousness and 
hypoxic ventilatory response were measured. These 
variables were then re-evaluated 5-10 min after 
flumazenil, 1.0 mg iv. Data were analyzed using 
unpaired t-tests and repeated measures of analysis 
of variance, with p<0.05 considered statistically 
significant. Data are reported as mean values + 
S.D. 

Results. Demographic data and baseline values for 
sedation and hypoxic responses are summarized in 
table 1. Despite receiving an average diazepam 
dose of 1 mg/min, only four of the seven patients 
manifest depressed hypoxic responsiveness. 


Although the diazepam dosages (1.08 vs. 0.95 


mg/min) and change in sedation scores (+85 vs. +81 
mm) were comparatle for the depressed and non- 
depressed subjects, the average duration of seda- 
tion differed significantly between the two grou, < 


(79 vs. 153 min). As expected, flumazenil rapidly . 


and effectively reversed diazepam-induced sedation 
in all subjects (sable 2). However, flumazenil 
reversed diazepam-induced respiratory depression in 
cnly one of the four subjects with decreased 
hypoxic responses. Ventilatory hypoxic responsive- 
ness was unchanged after flumazenil in six of the 
seven patients studied. In addition, there was no 
correlation between level of consciousness and 0p 
responsiveness following flumazenil reversal. 
Discussion. Analogous to the findings of Bailey et 
al. , ‘marked variability was noted in the ventila- 
tory responses to diazepam. Since respiratory 
depression was not present following prolonged 
diazepam administration (>115 min), these data 
would suggest that tolerance may develop to the 
central respiratory effects of diazepam. In those 
patients manifesting depression of ventilatory 
drive, flumazenil cid not reliably reverse diaze- 
pam-induced respiratory depression. In fact, the 
subject who displayed reversal of ventilatory 
depression was noted to be extremely anxious after 
flumazenil administration. Thus, these data would 
suggest that doses of flumazenil (0.5-1 mg iv) 
which effectively reverse benzodiazepine-induced 
sedation may not reverse residual respiratory 
depression. Further studies of the ventilatory 
effects of flumazenil in the presence of an opioid- 
benzodiazepine combination are clearly needed. 
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Table 1: Sedation Hypoxic Duration Diazepam 
Age Weight score response sedation dosage 
(vr) (kg) __(mm)__(L/min/tsat) (min) _ (mg) 
1-M 39 77 54 4.0 55 55 
r tas 3 32 52 2 1.2 85 80 
3-F 42 60 3 2.5 85 115 
4 -F 36 54 ie} 3.1 135 210 
S~ F 44 95 7 3.2 115 110 
é€é-M 38 64 [è] 1.1 210 72 
7=-M H 82 0 2.5 90 95 
Avg. 3€44 69416 9420 2.541.1 111451 105451 
Table 2: Baseline Post- Post- 
values diazepam flumazenil 
Alertness score 5.0 1-3Ł0.4% 5.0 
Sedation score 9+19 93419 26426 
Hypoxic response 
< 90 min (n=4) 2.51.1 1.4t0.8* 1,741.1 


> 115 min (n=3) 2.54+1.2 2.640.9 2.7+0.8 
*Significantly different from baseline, p<0.05 
+Significantly different from post-diazepam, p<0.05 
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Introduction. In vivo studies suggested that 
isoflurane’s (I) negative inotropic effects are less 
pronotnced than those of either halothane (H) or 
enflurane (E) (1). This contrasts with reports that 
I and H caused equivalent myocardial depression in 
the cet papillary muscle (2). The purpose of this 
study was to critically evaluate inotropic effects 
of H, E, and I at equipotent anesthetic doses in 
isolated ventricular myocardium. 


Methods. Twenty-seven papillary muscles of the 
right ventricle of adult male ferrets were mounted 
in a temperature controlled (30°C) chamber closed to 
the ambient atmosphere and that contained a physio- 
logical salt solution (mM): Nat 135; Kt 5; Ca?t 
2.25; Mg?* 13 Cl- 103.5; HCOs 24; HPO%- 1; SOz- 1; 
acetate~! 20; glucose 10, continuously bubbled with 
95% 02-5% CO2 (500 ml/min). Muscles were held 
between a force-length servo transducer (Innovi, 
Belgium) and a subminiature lucite clip with a 
built-in stimulation electrode (stimulus interval 4 
seconds, 10% above threshold). After stabilization, 
a cumulative dose response curve for H (n=9), E 
(n=9), and I (n=9) was obtained for variables of 
contraction and relaxation. Anesthetic vapor was 
added to the gas mixture by means of an in-line 
vaporizer in increments of 0.25 MAC up to 1.50 MAC 
of H and E and up to 2.00 MAC of I. Anesthetic MAC 
values had been determined in ferrets previously. 
Vapor concentrations were set in the gas phase with 
a calibrated acoustic detector. Muscles contracted 
isotonically throughout with the initial muscle 
length set at Lmax- At steady state after 15 
minutes in each anesthetic concentration, we deter- 
mined from an isometric, a preload isotonic, and a 
“zero-load-clamp”, respectively: peak developed 
force (DF), maximal rate of rise (+dF/dt) and of 
fall of force (-dF/dt), peak isotonic shortening 
(DL), peak isotonic shortening and lengthening velo- 
city (+V, -V), and maximal unloaded velocity of 
shortening (MUVS). To test the hypothesis whether 
there was a dose response relationship for a par- 
ticular contractile variable to a given anesthetic, 
and wnether there were differences between anesthe- 
tics, relationships between contractile parameters 
and anesthetic dose were subjected to response curve 
analysis by least square linear regression whenever 
possinsle. Data are mean + SD. 


Results. H, E, and I caused a dose-dependent 
reversible decrease of all variables of contraction 
(DF, +cF/dt, DL, MUVS) and of relaxation (-dF/dt, 
-V). For these variables the relationship between 
dose and effect was linear. For variables of iso- 
metric muscle performance, differences between 
anesthetics were confined to differences between I 
and E. For variables of isotonic muscle perfor- 
mance, I was different from both H and E. At no 
time did we detect any statistically significant 
differences of effect between H and E. 


Discussion. The negative inotropic effects of 
I are clearly less than those of either H or E at 


equipotent anesthetic doses in mammalian ventricular 
myocardium. There was previously no agreement on 
the relative potencies of the three anesthetics 
Tegarding their myocardial depressant effect among 
in vitro studies (2,3,4). Although the negative 
inotropic effect of halogenated inhalational 
anesthetics is a very well known property of these 
drugs, this is the first study on ventricular 
cardiac muscle in which these three halogenated 
anesthetics have been compared in absolutely 
identical conditions of temperature, experimental 
protocol and muscle characteristics, and equipotency 
of anesthetic concentration. In this study E was 
significantly more depressant than I for both 
isometric and isotonic parameters. H and I differed 
for isotonic parameters only, but not for the 
isometric ones. This can be partly explained by a 
greater coefficient of variation in the isometric 
parameters. However, parameters of isotonic muscle 
performance reflect more closely the physiological 
mode of contraction of cardiac muscle in the intact 
heart, and may be more sensitive indicators of drug 
action that are isometric parameters. In conclusion 
it would appear that intrinsic depressant effects 
that are less pronounced for I account for sub- 
stantial fraction of its more benign hemodynamic 
effects in vivo in comparison with H and E. 

Dr. Housmans was a Parker B. Francis Investigator 
in Anesthesiology for 1986. Supported by I.A.R.S., 
Puritan-Bennett Foundation, USPHS GM36365, and Mayo 
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LOWERED PERFUSION FLOW RATES DURING HYPOTHERMIC CARDIOPULMONARY BYPASS DO NO? IMPAIR CEREBRAL OXYGENATION - 
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INTRODUCTION 


When alpha-stat acid-base management is 
employed, cerebral blood flow (CBF) has been 
demonstrated to autoregulgte over a wide range 
of perfusion pressures.”’“ CBF has similarly 
been shown to be adequately maintained during 
hypothermic cardiopulmonary bypass (CPB) when 
flow rates are transiently ilowergd.into the 
range of 1.0 - 1.25 l.m “.min ‘~ The effects 
of maintaining lowered perfusion for the 
duration of hypothermic CPB on CBF, cerebral 
Metabolic rate for oxygen (CMRO,), systemic 
oxygen consumption index (VO.I)“and arterial 
lactate concentration has not previously been 
reported in man. 


METHODS 


Following institutional approval and after 
optaining written informed consent, 5 patients 
undergoing elective cardiac surgery were ” 
anesthetised with sufentanil 5 - 12 mcg.kg “and 
100% O„. Immediately prior to institution of 
CPB patients received 0.15 mg.kg ~ pancuronium. 
Nonpulsatile perfusion using a membrane 
oxygenator and arterial line filtration was 
maintained for the duration of hypothermic CPB 
(267528 C) at perfusion flow rates of 1.0 - 1.25 
l.m “.min ~. During normothermic CPB pump flow 
was 2.0 - 2.4 l.m “.min `. ‘Temperature 
uncorrected PaCo, was maintained at 
approximately 40“mmHg (alpha-stat). 


CBF was measured using 5-6 mCi of 133y6 in 6 ml 
saline injected into the arterial port of the 
pump oxygenațtgg. Mean CBF was determined from 
the average Xe clearance measured by 5 
scintillation detectors located over the right 
cerebral hemisphere. Standard correction 
factors were used to compensate for changes in 
xenon partition coefficient đue to temperature 
and hematocrit. A 15 cm 16 ga catheter was 
threaded retrograde into the right internal 
jugular bulb for sampling effluent cerebral 
venous blood. Cerebral perfusion pressure (CPP) 
was calculated as the difference between mean 
arterial (MAP) and jugular venous pressures. 
Blood gas measurements were made using a 
Radiometer ABL2 and oxygen saturation was 
measured directly using a Radiometer OSM3 
hemoximeter. CMRO, was calculated as the 
product of the O ĉontent difference between 
arterial and jugtilar venous blood and mean 
hemispheric CBF. VOI was calculated as the 
product of the perfűsion flow rate indexed to 
body surface area (QI) and the O, content 
difference between arterial and fixed venous 
blood. Nasopharyngeal temperature (NPT) was 


taken as cerebral temperature while rectal 
temperature (RT) was used as syszemic 
temperature. Two measurements az least 30 min 
apart were made during hypothermic CPB once a 
stable NPT had been reached. One further CBF 
determination was made during normothermic CPB 
wnen NPT had reached 37 C. 


Multiple stepwise linear regression analysis 
with CMRO. vs. CBF, CaO.,, CPP, QI, and NPT was 
used to aSsess factors influencing cerebral and 
systemic oxygen consumption respectively. An 
alpha of 0.05 and beta of 0.8 were used as 
measures of significance. 


RESULTS 


Fourteen suitable CBF and CMRO. studies were 
obtained in 5 patients. One sfudy was omitted 
die to insufficient time. There were no 
significant differences in CBF (17.1 + 3.1 
ml.100g_}.min_}) or CMRO, (0.51 + 0.09 

ml.100g ~.min `) at eithér time during 
hypothermic (NPT = 27.2 + 1.1 `C) CPB. CMRO 
varied significantly only with NOT (p<0.0002) 
where CMRO = 71.35 + 4.06 NPT. Mean QI was 1.25 
+ 0.13 l.m}. min . VOI averaged 35.5 $ 5.3 
m.m “.min ~ at a mean RT of 30.1 +1.0 `C. 
There was no significant change in arterial 
lactate concentration during hypothermic CPB. 


DISCUSSION 


Tne values for CBF and CMRO, reported here are 
similar to those observed diiring hypothermic CPB 
using per fysjoy flow rates of 2.0 - 2.5 

l.m “.min ~.~’"’~ These results demonstrate 
preservation of cerebral oxygen consumption with 
perfysion_flow rates maintained at 1.25 

l.m “.min ` during hypothermic C2B. Lowered 
perfusion flow rates have the potential to 
reduce trauma to blood elements and reduce 
rewarming of the myocardium without jeopardizing 
cerebral oxygenation. 
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Introduction. The increased use of packed 
red cell concentrates instead of units of whole 
blood to replace major blood loss is believed to 
be one of many factors responsible for a 10-fold 
increase in fresh frozen plasma (FFP) use over the 
last decade. Because the indications and 
benefits of fresh frozen plasma administration, in 
situations of major blood loss are unclear, ’~’ 
the purpose of this study was to document the 
coagulation changes that occur when 
packed red cell and crystalloid solutions are 
used to replace major blood loss, and to determine 
when FFP might be indicated. 

Methods. After consent was obtained from the 
institution's human studies committee, 12 patients 
who required major elective surgery were studied. 
None of the patients had a history or physical 
examination suggestive of a bleeding disorder. At 
the start of the operative procedure, an initial 
clotting profile which included prothrombin time 
(PT), activated partial thromboplastin time 
(aPTT), fibrinogen, FDP, thrombin time, platelet 
count and factor assays of V, VIII, and IX were 
obtained along with an hematocrit and arterial 
blood gas. After approximately every one-third 
blood volume was replaced, repeat measurements of 
the coagulation profile, hematocrit and arterial 
blood gases were performed. Packed red cell 
concentrates and crystalloid solutions were used 
for blood replacement. 

The quality of clot formation and the degree 
of bleeding that occurred from wound edges was 
assessed clinically and with the results of 
coagulation tests used as an indication for 
piatelets and if necessary FFP. 

Results. Decreases in platelet count 
occurred as greater fractions of blood volume were 
replaced. Factor I and Factor V (Figure 1) 
decreased as the original blood volume was diluted 
with packed red cells and crystalloid. Despite 
the presence of a prolonged PT and aPTT in 9 of 
the 12 patients, none of the patients manifested 
increased bleeding tendency with blood replacement 
up to and including one blood volume (Figures 2 
and 3). In four patients, when excessive clinical 
bleeding was noted, platelet concentrates were 
administered (platelet count < 75,000). In two 
patients this improved, but did not resolve the 
observed poor clot formation and FFP was required. 
In these two patients, the PT and PTT was greater 
than twice control prior to FFP and Factor V 
levels were less than 302%. In two patients who 
were replaced with 1.8 and 2.0 blood volumes 
respectively neither platelets nor FFP were 
indicated during the study. No bleeding 
complications occurred in the postoperative 
period. 

Discussion. If an elevation of PT and aPTT 
were the only criteria for the use of FFP, then 9 
of 12 patients would have required FFP prior to 
one blood volume replacement. FFP did reverse 
inadequate clinical hemostasis in two patients who 
required greater than one blood volume replacement 
and despite correction of thrombocytopenia had 


increased clinical bleeding. When packed red cell 
concentrates are used to replace major blood loss, 
FFP may be required. The indications for 
coagulation factors can be determined by clinical 
assessment of hemostasis and monitoring the 
coagulation profile. 
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Introduction. In adults, less cardiovascular 
effects occur when N,0 is used to supplement 
halothane or isoflurafe anesthesia than when 
equianesthetic concentrations, of halothane and 
isoflurane alone are used. ’ The comparative 
cardiovascular effects of equianesthetic levels of 
halothane and isoflurane with and without N{0 have 
not been measured in infants. This study used 
pulsed doppler echocardiography to compare 
cardiovascular changes that occur in infants 
during equianesthetic levels of halothane or 
isoflurane anesthesia with and without N_0. 

Methods. After informed written parental 
consent was obtained, we studied 28 ASA I infants, 


who required elective surgery. Ten to thirty 
minutes prior to induction of anesthesia, these 
unpremedicated infants had cardiovascular 
parameters recorded using pulsed doppler and two 
dimension echocardiography. The non-invasive 
cardiovascular data collected included blood 
pressure and heart rate, two dimension 


echocardiographic measures of left ventricular 
area and length, and pulsed doppler 
echocardiography measures of mean pulmonary artery 
velocity. 

Anesthesia was induced by mask via a 
semiclosed circuit with 3 1N,0 and 2 1 0, with 
halothane (n = 14) or isoflurane (n £ 14). 
Ventilation was controlled with end-tidal gas 
measurements monitored using a Perkin-Elmer mass 
spectrometer. With the end-tidal anesthesia 
concentration maintained for five minutes at 60% 
N,0 and 0.9 MAC (adjusted for age) halothane or 
isoflurane (approximately twenty minutes following 
induction of anesthesia), the cardiovascular 
measurements were repeated. The nitrous oxide was 
discontinued and the inspired anesthetic 
concentration increased to achieve a 1.5 MAC end- 
tidal level of either halothane or isoflurane. 
After the 1.5 MAC end-tidal concentration had been 
maintained for five minutes, a third set of 
cardiovascular data was collected. All data was 
collected prior to intubation and the start of 
elective surgery. 

The results are expressed as mean + SEM and 
were analyzed by two way ANOVA. 

Results. The ratio of end-tidal to inspired 
levels of halothane or isoflurane (Fy /¥,) was 
0.83 + 0.04 at the time the cardiovascular data 
was collected during anesthesia. 

Heart rate (HR) and mean blood pressure (MBP) 
decreased from awake values at 1.5 MAC (602% 
nitrous oxide and 0.9 MAC halothane or isoflurane) 
and at 1.5 MAC halothane and isoflurane alone. 

Cardiac output decreased from awake, a 
similar and significant amount with both halothane 
and isoflurane in combination with nitrous oxide 
and with halothane and isoflurane alone at 1.5 MAC 
end-tidal levels (Fig. 1). Š 

With N,Q in combination with halothane and 
halothane atone at 1.5 MAC, ejection fractions 
decreased 24Z and 22% respectively from control 
levels. In the infants who received isoflurane, 
ejection fraction decreased 18% and 16% from 


control with 1.5 MAC NO and isoflurane and 1.5 
MAC isoflurane respectively (Fig. 2). 

Discussion. The addition of N,0 to either 
halothane and isoflurane in infants When compared 
to either agent alone at 1.5 MAC produced similar 
cardiovascular effects as manifested by MBP, 
cardiac output and ejection fraction. In adults, 
N,0 produces direct myocardial depression and 
stimulation of tha sympathetic nervous system 
which may be the reason that less cardiovascular 


effects are observed when 0 is added to 
halothane or isoflurane than with either agent 
alone.3 Perhaps the autonomic and cardiac 


responses to N,0 are different in infants and for 
this reason, similar cardiovascular effects occur 


at equianesthetic levels of halothane or 
isoflurane with and without N,0. 
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Fig. 1: Percent of awake cardiac output (C.0.) 
with 1.5 MAC NO and halo/iso and 


halo/iso alone. Results are expressed 
as mean + SEM. p < 0.05 from awake. 
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Fig. 2: Percent of awake ejection fraction (EF) 
with 1.5 MAC NO and halo/iso and 
halo/iso alone. Results are expressed 
as mean + SEM. p < 0.05 from awake. 
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Introduction. Clonidine, alpha-2 adrenergic 
agonist, applied spinally or epidurally has been 
shown to be effective in blocking noxious stimuli 
in animal studies (1) and in human applications 
(2). The purpose of this inestigation is to 
evaluate the mechanisms of spinally administered 
clonidine to produce analgesia, utilizing a 
sensitive neurophysiologic assay method, and to 
evaluate combined effects of clonidine and 
morphine. 

Methods. Cats were initially anesthetized 
with halothane, nitrous oxide and oxygen for 


surgical procedures, which included a 
tracheostomy, arterial and venous cannulation, 
Tumbar laminectomy, and mid-collicular 


decerebration. A minimum of two hours separated 
the spinal cord transection and beginning of 
neuronal recording. Neuronal: activity was 
recorded from wide dynamic range (WDR) neurons of 
the dorsal horn. Noxiously evoked activity was 
produced by the presentation of a 51% radiant 
heat stimulus for 8 seconds applied on the 
neuron's receptive field. Following control 
studies, drugs in saline (0.5ml, 37°C) were 
applied onto the spinal cord. The drugs applied 
were clonidine, 5ug (n = 8), 1l0ug (n = 8), 30ug 
(n = 14), and morphine, 25ug (n = 8). After the 
drug application, neural activity was monitored 
every 3 minutes for a minimum of 30 minutes. 

Results. Data was obtained from forty-six 
animals. The 5ug of clonidine applied over the 
spinal cord produced no suppression of WDR neuron 
activity. The l0ug of clonidine produced a mild 
suppression (35% at 30 mins), the 30ug of 
clonidine produced a significant suppression (61% 
at 30 mins.) of the noxiously activity. The 
suppression of noxiously evoked activity was 
. reversed by the systemic administration of 
yohimbine. In spite of the fact that 5ug of 
clonidine and 25ug of morphine alone did not 
produce any discernible suppression of WDR 
neurons for 30 minutes, the combined clonidine 
Sug and morphine 25ug yielded significant 
suppression (approximately 50% at 30 mins.) of 
mean evoked activity. 

Discussion. Neuropharmacological studies on 
pain transmission suggest that the spinal cord is 


an important site of action. The suppression of 
spinal neurons by clonidine, reversed by 
yohimbine, selective alpha-2 antagonist, supports 
the results of previous reports indicating that 
the analgesic efficacy of clonidine is a result 
of its alpha-2 agonistic activity acting on the 
spinal nociceptive neurons. The combination of 
low dose morphine and clonidine, resulting in a 
synergism, is an important finding and would be a 
useful tool for spinal analgesia by avoiding or 
lessening the side effects of both agents. 


References: 
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Fig. 1. Effects of clonidine 1l0ug and 30ug on 
the mean evoked activity of wide dynamic range 
(WDR) neurons. ` The suppression by 30ug of 
clonidine was reversed by yohimbine 0.5 to 
1.5mg/kg i.v. 
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INTRODUCTION: Although the depressant effects of 
anesthetics on the hemodynamics and contractility 
of cardiac and vascular smooth muscle have been 
well recognized, reports on the biochemical 
effects, especially at the contractile protein 
level, are few. Contrary to the skeletal muscle, 
smooth muscle contraction is initiated by phos- 
phorylation of the myosin followed by the inter- 
action between the phosphorylated myosin (active 
myosin) and the actin. The phosphorylation of the 
smooth muscle myosin from ATP occurs in the light 
chain (molecular weight 20,000) by the action of 
the myosin light chain kinase (MLCK) in the pres- 
ence of calmodulin and calcium ion. We postulate 
that the hemodynamic depression by anesthetics 
involves the smooth muscle contractile protein 
system. This study concerns the phosphorylation 
of the myosin light chain catalyzed by the MLCK. 


METHOD: The smooth muscle myosin and the myosin 
light chain kinase were prepared from the fresh 
turkey gizzard 1 by the method described by 
Dabrowska et al and Adelstein et al,” respec- 
tively. The extracted myosin was free from myosin 
light chain kinase activity and was the inactive 
form (non-phosphorylated light chain). Calmodulin 
was obtained from Bio-Rad. The assay consisted of 
determining the degree of phosphorylation of the 
smooth muscle myosin by the MLCK in the presence 
of ATP, calcium ion, and calmodulin. The total 
assay mixture consisted of 1 mM ATP, 1 10 M 
CaCl, , 5 mM MgCl,, 80 mM KC1, and 20 mM Tris- 
nalate buffer pH 4.8 in total volume of 100 ul. 
The reaction was started by the addition of ATP at 
22° C and stopped after 5 min by the addition of 8 
M urea. The myosin phosphorylation was determined 
by the urea-polyacrylamide gel electrophoresis as 
described by Chacko et al. The phosphorylated 
light chain moves faster than the nonphosphory- 
lated light chain in the gel electrophoresis. 
clinical concentrations of volatile anesthetics 
were added to the reaction mixture by diffusion 
From the gas phase delivered by anesthetic speci~ 
Fic vaporizers. The anesthetic concentrations 
were confirmed by a Shimadzu gas chromatograph. 
Local anesthetics were added as hydrochloric acid 
salts. The pH of the reaction mixture was 
letermined after the addition, and the pH was 
readjusted when required. 


RESULTS: The inhibition by local anesthetics was 
in the order of tetracaine > bupivacaine > 
Lidocaine. Lidocaine was almost without effect 
intil the concentration exceeded 1°10 M, whereas 
tetracaine inhibited the MLCK more than 50% at 
5°10-3 M. Halothane and isoflurane showed weak 
lepressant effect at 1.5%. These inhibitory 
2ffects of local anesthetics were not reversed by 
raising the calcium ion concentration to 1°10 M. 
In contrast, an increase in fhe calmodulin 
concentration from 1°10 to 1°10 M antagonized 
the anesthetic depression from the local 
anesthetics as well as the volatile anesthetics. 


DISCUSSION: It is generally believed that the 
inhibitory action of local anesthetics upon a 


variety of calmodulin-dependent enzymes (membrane- 
bound guanylate cyclase, cyclic nucleotide phos- 
phodiesterase, etc.) is caused by the interaction 
with calmodulin. There are some published data on 
the local anesthetic inhibition of these enzymes 
being antagonized by an increase in the calmodulin 
concentration but not by calcium ion. The pres- 
ent results with local and volatile anesthetics 
support these findings. It has been postulated 
that the association of calcium ion with calmodu- 
lin initiates conformational change of calmodulin 
and exposes hydrophobic domain in the calmodulin 
molecule to the surface. The calcium-induced 
exposure of hydrophobic domain of calmodulin 
appears to be the main mechanism for the activa- 
tion of calcium-calmodulin-dependent systems. It 
is possible that anesthetic molecules interact 
with the hydrophobic domain and control the 
calmodulin activity. The relatively benign effect 
of lidocaine on the hemodynamics may be related to 
its weak action on the smooth muscle contractile 
mechanisms. The turkey gizzard smooth muscle is 
generally considered to represent the properties 
of vascular smooth muscle. Local anesthetic 
toxicity may be comprised of a cardiac and a 
vascular component. Local anesthetic toxicity is 
manifested by hemodynamic depression and often 
electrical activity of the heart continued after 
total cardiovascular collapse. These observa- 
tions suggest a subcellular mechanism for the 
vasodilating effects of local and inhalational 
anesthetics. 
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Introduction. Although volatile anesthetic agents are fre- 
quently added to the gas given through the oxygenator during 
cardiopulmonary bypass (CPB), anesthetic washin and washout 
by this route have not been studied in patients. We measured 
the partial pressure of isoflurane in arterial (Pan) and venous (Pyen) 
blood, and in the gas exhausted from the oxygenator (Pax), during 
hypothermic CPB. Three questions were addressed: 1) How 
rapidly does Pyn rise during washin and decline during washout? 
2) What is the uptake and elimination of anesthetic, as reflected 
by the arterial-to-venous partial pressure difference? 3) Does 
Pex reliably reflect P..? If so, measurement of Pu, e.g., by mass 
spectrometry, would allow close approximation of P,a during 
CPB. 


Methods. Following approval of the Committee on Human 
Research, seven patients undergoing cardiac operations were 
studied. Prior to CPB, isoflurane was not administered. CPB 
circuits were assembled as usual, including Bentley-10B (n = 4) 
or Shiley-S-100A (n = 3) bubble oxygenators primed with 2000 
ml of lactated Ringer’s solution. The mean Hgb concentration 
during CPB was 7.2 + 0.9 mg/dl. After establishing hypoth- 
ermic CPB at a stable temperature (mean temperature = 24.6 + 
2.5 °C), isoflurane 1% was added to the oxygenator gas inflow. 
Immediately before the addition of isoflurane, and at 1, 2, 4, 8, 
16, 32, and 48 min during addition of isoflurane, simultaneous 
gas and blood samples were obtained from the following loca- 
tions: a) inlet gas tubing; b) exhaust gas outlet; c) arterial line 
tuding of the CPB circuit (arterialized blood); and d) venous 
Tetum port (venous blood). Samples were also obtained 
immediately prior to rewarming. Isoflurane administration was 


discontinued as rewarming began, and samples were obtained at. 


1, 2, 4, 8, 16, and 32 min during washout. The Study ended 
when controlled ventilation via the normal pulmonary route 
recommenced. During washin, mean gas flow rate was 3.5 +0.8 
Vmin and mean pump flow rate was 3.9 + 0.4 I/min. During 
washout, mean gas flow rate was 4.1 + 0.9 Vmin, mean pump 
flow rate was 4.0 + 0.3 l/min, and mean temperature was 34.5 + 
0.8. 

The concentration of isoflurane in all samples was deter- 
mined by gas chromatography. Concentrations were converted 
to partial pressures, using the blood/gas partition coefficient 
(1.35 + 0.19) as determined in each study (corrected for the 
instantaneously-measured temperature of each sample). 
Analysis of linear regression was used to determine the relation- 
ship between Pu and Pa- 


Results. Pex, Pan, and Pren progressively rose toward inlet gas 
partial pressure (Pis) during washin (Figure 1). After 48 min of 
washin, Pan was 55%, and Pye, 37%, equilibrated with Pins. Pyen, 
Pas, and Pa [each expressed as a ratio of the peak arterial partial 
Pressure (Pix) obtained just before cessation of isoflurane 
administration] rapidly declined during washout (Figure 2). 
After 32 min of washout, P,, had declined to 13% of its peak, 
while P,.. had declined to 23% of Pan. Pex overestimated P,,, dur- 
ing washin [slope = 0.74 + 0.07, standard error of the estimate 
(SEE) = 0.07, r = 0.70] and underestimated Pa during washout 
[slope = 0.80 + 0.06, SEE = 0.05, = 0.80]. 
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Discussion. Washin of isoflurane occurred somewhat more 
slowly during CPB than during administration via the normal 
pulmonary route in normothermic patients. However, during the 
rewarming phase of CPB, washout occurred as rapidly as from 
the lungs of normothermic patients. The slower rise in Pan dur- 
ing CPB may be explained by the greater tissue capacity pro- 
duced by hypothermia and a blood/gas partition coefficient equal 
to that found in normothermic non-hemodiluted patients. The 
normal decay rate during washout may be the result of a declin- 
ing blood/gas partition coefficient (due to rewarming) and the 
counterbalancing existence of relatively high tissue stores of 
anesthetic. Our data support the suggestion made by Waller et 
al.(1) that 15 min of washout is sufficient to eliminate the major 
fraction (75%) of volatile anesthetic from arterial blood during 
CPB. Therefore, the potential for residual myocardial depres- 
sion should be minimized after 15 min. Finally, although Pax did 
not precisely reflect Px, its proximity was sufficient to make it a 


useful estimate. 
FIGURE 1: ISOFLURANE WASHIN DURING CPB 
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FIGURE 2: ISOFLURANE WASHOUT DURING CPB 
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1. Waller JL, Kaplan JA, Jones EL. Anesthesia for coronary revasculari- 
zation. In: Kaplan JA, ed. Cardiac Anesthesia. New York: Grune and 
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Introduction: The use of high dose 
narcotic base anesthesia with fentanyl is 
a widely accepted technique primarily 
because of the minimal hemodynamic 
effects. Attempts to prevent or blunt: the 
catecholamine responses to stress, 
particularly during cardiopulmonary 
bypass(CPB), have been less successful 
even with very high doses. This study was 
undertaken to determine if high doses of 
sufentanil, seven to ten times as potent 
as fentanyl, could prevent the 
catacholamine response to CPB. 


Methods: Ten patients scheduled for 
elective coronary artery surgery gave 
written informed consent and were studied 
with approval from the institutional 
review board. Patients were randomly 
assigned to receive either a 20 mcg/kg 
loading dose of sufentanil, and an 
infusion at 0.1 mcg/kg/min; or a 40 mcg/ke 
loading dose with an infusion of 0.2 
meg/kg/min. Infusions were discontinued 
at the beginning of CPB. Muscle 
relaxation was achieved with a combinatior 
of metocurine and pancuronium. During 
CPB, all patients were cooled to 250C. 
Blood samples were obtained at seven 
points: 1) immediately prior to CPB; 2-4) 
every 15 minutes during CPB for 45 
minutes; 5) during rewarming at 35°C 
(pharyngeal) immediately after separatior 
from CPB and 7) 15 minutes after CPB. 
Plasma was separated by centrifugation anë 
stored at -70°C until analyzed. 

Sufentanil levels were measured by 
radioimmunoassay. Epinephrine and 
norepinephrine were measured by 
radioenzymatic assay (REA) or high 
performance liquid chromatography (HPLC). 


Results: Mean (+ SEM) plasma levels of 
epinephrine, norepinephrine and sufentanil 
at each time point are presented in Table 
1. Sufentanil levels were consistently 
higher in patients who received the higher 
dose of narcotic. In both groups, the 
level of sufentanil fell during CPB, and 
rebounded slightly upon discontinuation of 
CPB. Levels of epinephrine and 
norepinephrine were unrelated to the 
levels of sufentanil. There was a 
tendancy toward lower levels of 
catecholamines, and less variability in 
the high dose group. Plasma catecholamine 
levels rose during cardiopulmonary bypass 
in both groups. The only significant 
difference in catecholamines between the 


ol, 


groups was the higher level of epinephrine 
15 minates after initiation of CPB in 
patients who received the lower dose of 
sufentanil. In both groups, plasma 
epinephrine was elevated at the end of CPB 
relative to pre-CPB levels. 


Table 1 

Dose Epi Norepi Sufentanil 
Time (mcg/kq) (pg/ml) (pg/ml) (ng/ml) 
Pre 40 105424 427+104 10.3340.5 
CPB 20 1414+23 464+68 7.07+0.3** 
15" 40 149+16 371+62 4.59+0.4 
CPB 20 248+25** 528B+94 3.454+0.3* 
30" 40 208+86 389474 4.22+0.3 
CPB 20 3404109 911+470 3.28+0.3* 
45" 40 185+53 566+120 4.31+0.3 
CPB 20 279+104 880+325 3.32+0.3* 
Warm 40 267+68% 632+192 4.97+0.3 
CPB 20 279+79% 7984224 3.68+0.4** 
Post 40 2654126 497+153 6.10+0.4 
CPB 20 159432 471446 4.42+0.4** 
15" 40 124+20 566+168 5.49+0.5 

20 141+21 424451 3.91+0.3** 


*p<0.05; **p<0.01 between groups, 
Xp<0.5, tp<0.01 vs. pre-CPB. 


Discussion: Despite the very high blood 
levels, sufentanil did not prevent the 
humoral catecholamine response to the 
stress of hypothermic CPB. In contrast to 
the prebypass period, when sufentanil- 
induced anesthesia is associated with 
remarkably stable hemodynamic parameters 
and catecholamine levels during surgical 
stress, the period of CPB was accompanied 
by highly variable and rising 
catecholamine levels in spite of stable 
levels of sufentanil. Catecholamine 
responses during CPB are probably not 
related to adequacy of anesthesia, but 
more likely reflect humoral responses to 
other variables, such as hemodynamic 
changes, hemodilution or hypothermia which 
are not alleviated by anesthetic doses of 
synthetic narcotic analgesics. Thus it 
appears that elimination of the 
catecholamine response to CPB will not be 
achieved by administration of narcotics, 
even i= more potent agents become 
available for clinical use. 
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INTRODUCTION. Significant progress has been made 
towards the goal proposed by Saverese and Kitz for the 
development of short, intermediate and long duration 
competitive relaxants for surgical procedures of differing 
length. The situation arises not infrequently however, 
when the long acting relaxant administered at the start of 
the anesthetic provides inadequate relaxation for some 
crucial period near the end of the surgical procedure. A 
supplemental dose of the original relaxant given at this 
time may be ineffective, if the dose is small; or may 
prevent adequate reversal at, the end of surgery, if the 
dose is large. Aps and Inglis” have suggested that small 
doses of the intermediate duration muscle relaxants 
(atracurium and vecuronium) can be used to enhance and 
somewhat prolong the duration of neuromuscular blockade 
in the presence of residual pancuronium activity, without 
adversly affecting the reversability of paralysis at the end 
of the surgical procedure. In order to quantitatively 
evaluate the synergistic potential of this therapeutic 
regimen, this study was designed to compare the effect of 
a maintenance dose of vecuronium given during recovery 
from an intial dose of either metocurine or vecuronium. 
METHODS. A total of 16 consenting neurosurgical 
patients were studied with the approval of the Institutional 
Review Board. Patients with significant cardiovascular, 
renal, hepatic or neuromuscular disease, as well as those 
receiving medications known to affect neuromuscular 
blockade were excluded from the study. Based on the 
anticipated duration of the surgical procedure, patients 
were assigned to receive either metocurine 0.3 mg/kg or 
vecuronium 0.1 mg/kg during anesthetic induction. 
Preoperative medication was left to the discretion of the 
anesthesiologist assigned to each patient. All patients 
were induced with thiopental 4-8 mg/kg and isoflurane 2% 
inspired in oxygen. The ulnar nerve was stimulated at the 
wrist with 0.2ms duration supramaximal square waves at 
0.1 Hz from a Grass S-44 stimulator in conjunction with a 
$1U-4678 stimulus isolation unit. When the neuromuscular 
response of the thumb adductors as measured by an FT-10 
force-displacement transducer became stable, the bolus of 
the selected muscle relaxant was intravenously 
administered. After intubation, the isoflurane 
concentration was reduced to 0.75% inspired in N30 and 
O, (2:1). When the monitored twitch response recovered 
to 25% of baseline control, a maintenance dose of 
vecuronium 0.015 mg/kg was given. The maximum 
response after this second dose of relaxant and the times 
required for 5 and 25% recovery of baseline twitch height 
were recorded. In the event that the second dose of 
relaxant did not provide 95% paralysis, the time required 
for the commencement of recovery from the second dose 
was used instead of the 5% recovery time. Temperature 
was maintained above 35°C with the aid of heating 
blankets. All patients were moderately hyperventilated to 
an EtCO, between 24 and 30 mmHg. Comparisons 
between groups were made with Student's two tailed t-test 
for unpaired data. The threshold for significance was 
p<0.05. 

RESULTS. The results of this study are summarized in the 
TABLE. There were no significant differences between 


groups in age or weight. The response to maintenance 
doses of vecuronium is markedly enhanced in both 
magnitude and duration in patients initially paralyzed with 
metocurine compared to those initially paralyzed with 
vecuronium. 


DISCUSSION. The sequential use of long acting 


neuromuscular relaxants followed by a relaxant of 
intermediate duration has previously been studied in an 
effort to optimize the "priming principal" - The observed 
synergism is beneficial in providing satisfactory intubating 
conditions within an accelerated time period. The present 
study demonstrates similar synergism at the end of the 
surgical procedure, whereby the use of a smal! dose of 
vecuronium 0.!5mg/kg during the recovery phase from a 
preexisting metocurine block Jed to profound blockade of 
prolonged duration. This same vecuronium dose following 
preexisting vecuronium blockade provides additional 
surgical relaxation (time to 25% recovery) lasting 17 t6 
minutes, a reasonable time period for procedures such as 
peritonea! closure, while permitting, predictable reversa! 
(time to 5% recovery) within 9 - 4 minutes. With 
preexisting metocurine block however, the maintenance 
dose of vecuronium led to an approximately fivefold 
increase in the duration of surgical relaxation. More 
importantly, it is felt that this block is not readily 
reversable for close to one hour. In this study, both groups 
of patients received the same maintenance dose of 
vecuronium, as a basis for comparison. It is likely that a 
smaller dose of vecuronium in the metocurine group could 
provide sufficient relaxation of a more appropriate 
duration. Formal dose-response studies along these lines 
are now being performed. Although less synergism may 
have occured with a combination of pancuronium and 
vecuronium, the agents chosen for this study were selected 
on the basis of their lack of cardiovascular side effects. 
REFERENCES. |. Saverese JJ, Kitz RJ; Anesthesiology 
42:236-239, 1975 
2. Aps C, Inglis MS; Anaesthesia 39:187, 1984 
3. Mehta MP, Choi WW, Gergis SD; Anesthesiology 62:392- 
395, 1985 
TABLE. Magnitude and duration of response to vecuronium 
U.OTS mg/kg following 25% recovery from metocurine 0.3 
mg/kg or vecuronium 0.! mg/kg. MEAN (S.D.). n = 8 in 
each group. 

VECURONIUM METOCURINE pe 


AGE 40 4h NS 
(yr.) (7) (19) 

WEIGHT 65 73 NS 
(kg) (th) (15) 
MAX.RESPONSE 92 100 0.02 
(%) (8) (0) 

5% RECOVERY 9 53 0.001 
(min) (4) (10) 

25% RECOVERY 7, 8] 0.00! 
(min) (6) (12) 
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Introduction. Epidural morphine (DuramorpL) 
is popular for prolonged postoperative 
analgesia in obstetrical patients. Little 
information is available on plasmé 
pharmacokinetics and urinary elimination of 
Duramorph in obstetrical patients. This 
study reports plasma and urinary levels of 
unconjugated (free) and total (conjugatect 
unconjugated) morphine levels in postpartun 
patients. 


Methods. The protocol was approved by tke 
Review Board and patients (n=8) gare 
informed consent. Ringers lactate 1200 ni 
was used for prehydration prior to lumbar 
epidural anesthesia induced to T4 level witk 
2% lidocaine with 1:200,000 epinephrine for 
cesarean section. Duramorph 5 mg wes. 
‘injected through the epidural catheter after 
delivery. No other medications except 
pitocin was used. Venous blood (EDTE 
anticoagulant) and urine samples were 
collected prior to Duramorph (baseline) ard 
at 0.25,0.5,1, 2, 4, 8, 12 and 24 hours. 
Free morphine concentration was assayed 
using a specific radioimmunoassay ( 0.35f 
cross-reactivity with morphine-=- 
glucuronide, Coat-A- Count,Diagnostics 
Products Corp, Los Angeles, CA). Tke 
concentrations of conjugated morphine im 
plasma and urine samples were measured 
following incubation at 37 deg C for te 
hours with glusulase (1) (Endo Labs, Garden 
City, N.Y; 4000 u beta glucuronidase + 708u 
sulfatase). A computer program was used zo 
produce logit-log transformation of the daza 
following which a model-dependert 
pharmacokinetic parameters were generated. 
Area under the curve for each patient for 
the 0-24 hours period were calculated by the 
trapezoidal rule and polyexponential curve- 
fitting. The terminal half-life (t1/2-beta? 
was calculated by the regression analysis. 


Results. Plasma: The free morphine peaked 
at 0.5 hour and the total morphine at 2 
hours (Fig 1). Except at 0.25 and 0.5 hoaz 
the morphine glucuronide exceeded free 
morphine concentration.The total morphine 
peaked at 2 hours (Fig 1). Volume of 
distribution (VDg,) and t-1/2-beta aad 
clearance (Cl) are listed in Table. Tota 
morphine showed decreased VDgg and C_. 
Urine: In the first two hours postglusalaze 
measurements were not significant _7 
different from fre2 morphine (Fig 2. 
Significant amount of free morphine 
continued to be excreted even at 24 hours, a 
value 30 times greater than the 
corresponding plasma value. 


Discussion. Data show that morphine is 
rapidly absorbed from the epidural spa>2 


F. PARKER, K.RAMABADRAN PH.D, 


S.RAMANATHAN M.D. H.TURNDORF M.D. 


NEW YORK UNIVERSITY MEDICAL CENTER, 
NEW YORK, 1€016 


following which it is conjugated. Since the 
plasma free morphine fell below the minimal 
plasma analgesic concentration at 2 hours, 
the long lasting analgesia due to Duramorph 
is not caused by the presence of systemic 
morphine. Despite conjugation, the Cl of 
total morphine appeared slow. The appearance 
of conjugated morphine in urine was delayed 
for 2 hours probably because of the first- 
pass ctrinary elimination of free morphine. 
This may be related to augmented renal 
plasma flow in pregnancy.Contrary to popular 
belief, significant free morphine 
elimination occurs even after 24 hours in 
urine in obstetrical patients. 


Table Plasma morphine pharmacokinetic data 


Free Total 
Vdgg (i) 353 (45) 160 (28) 
tl/2beta (hours) 5.0 (0.7) 6 (0.9) 
C1(L/hours) 74 (6) 26 (7) 


n=8, values in parentheses represent SEM. 
References. 

l. Kafer E et al: Anesthesiology 1982; 58: 
418. 
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INTRODUCTION: Nausea and vomiting (N/V) are common 
postoperative complications which have been shown to 
prolong recovery room (RR) stay following diagnostic 
laparoscopy in day surgery unit (DSU) patients? 
Prolonged recovery may disrupt patient flow and will 
increase per patient institutional costs. The 
purposes of this study were 1) to assess our 
clinical impression that the incidence of N/V varies 
among surgical procedures, and 2) to examine RR time 
for patients with N/V. 


METHODS: We examined the records of patients who 
received general anesthesia for the five most common 
procedures in our DSU in the period September 1984 
to February 1985. The procedures included dental 
extraction (DEN), knee arthroscopy (KA), uterine 
dilatation and curettage (D&C), laparoscopy (LAP), 
and laparoscopic ovum retrieval (OVUM). The fol- 
lowing data were collected: patient demographic 
characteristics, anesthetic agents and adjuncts, 
duration of surgery, the occurrence of postoperative 
N/V, medications administered in the RR, and dura- 
tion of RR stay. Patients undergoing each of the 
five procedures were evaluated separately. Signifi- 
cance was assessed by chi~square analysis, z-tests, 
and analysis of variance, and was accepted at p<.05. 


RESULTS: The incidence of N/V for all patients was 
29%. Among the five surgical procedures, however, 
there was a significant difference in the incidence 
of N/V (Table). Furthermore, there was a 
significant difference among the three gynecologic 
procedures, D&C, LAP,and OVUM in the proportion of 
patients with N/V (p<.001) and between LAP and OVUM 
patients (p<.05). For each procedure except DEN, 
patients with N/V had significantly longer RR stays 
than did asymptomatic patients (Table). Moreover, 
there is a significant difference among all proce- 
dures in duration of RR stay. For each procedure, 
there were no significant differences between 
symptomatic and asymptomatic patients with regard to 
age, gender, body mass index, or ASA physical 
status. All patients received nitrous oxide intra- 
operatively, There were no significant differences 
in the incidence of N/V among patients who received 
isoflurane, halothane, or enflurane without narco- 
tics. The incidence of N/V was not significantly 
different between patients who received fentanyl or 
nalbuphine without inhalation agents, or among 
patients who received a combination of narcotic and 
inhalation agents. The incidence of N/V among 
patients receiving intraoperative narcotics (ION) 
was not significantly different from the incidence 
among those who did not receive ION. For each 
procedure, there was no difference in duration of 
surgery between symptomatic and asymptomatic groups. 
DISCUSSION: This study examined N/V following 
specific surgical procedures. While the overall 
rate of N/V consistent with those reported by 
other authors,” we found a significant difference in 
the incidence of N/V among the five surgical proce- 
dures. Depending on the procedure, 12 to 54% of 
patients experienced N/V. This suggests that 
evaluations of postoperative N/V should focus on 


specific surgical procedures rather than on demo- 
graphic characteristics or surgical specialty. We 
confirmed that N/V is associated with longer RR 
stays; RR stay was extended by as much as 56% for 
patients with postoperative N/V. For DEN, N/V may 
be stimulated by swallowed blood. Following 
emesis, patients may feel better and recover 
rapidly. Additionally, we observed a significant 
difference in RR times among the surgical 
procedures. Our findings suggest that patients 
receiving ION have a higher incidence of N/V than 
patients who do not receive an ION. Though the 
differences were not statistically significant, the 
trend is consistent with the findings of other 
authors regarding use of ION and N/V. The higher 
rates of N/V following use of ION may be clinically 
significant in terms of maximizing patient comfort 
and patient flow. This is particularly important 
in light of the extended RR stay associated with 
N/V. Prospective studies should examine factors 
that predispose patients to N/V such as use of 
nitrous oxide and ION, and prophylactic measures 
such as use of antiemetics. The differences in the 
incidence of N/V and in RR times for particular 
procedures suggest that these evaluations should 
focus on specific surgical procedures. The results 
from this study may be used to estimate sample 
sizes for these prospective studies. DSU 
administrators may also use these results to 
establish daily scheduling principles such as 
scheduling patients for procedures with higher 
incidences of N/V and longer RR times early in the 
day. Additionally, it may be desirable to have 
step down recovery units available for patients 
undergoing those procedures with higher incidences 
of N/V and prolonged RR stays. 


REFERENCES: 


l. Metter SE, et al: Impact of nausea and 


vomiting on recovery room stay in outpatient 
diagnostic laparoscopy. Anesth Analg 1987, 


66:6116. 

2. Semssaert A, et al: Nausea and vomiting in the 
immediate postanesthetic period. JAMA 170:118- 
122, 1959. 


TABLE: NAUSEA AND VOMITING AND RECOVERY ROOM TIME 
Procedure DEN KA D&C LAP OVUM 
N 32 73 90 175 59 
Mean RR Time in Hours 

(sB) 


No N/V 2.23 1.874 1.664 2.21* 2.73% 
(.50) (.53) (.56) (.63) (.62) 


N/V 2.32 2.23 2.46 2.81 3.45 
(.55) (.63) (.86) (.90) (85) 
All Petients** 2.24 1.94 1.77 2.41 3.10 
{.51) (.57) (.67) (.80) (0.83) 
2 N/VaRe 16 22 12 35 54 


2 N/V per Technique 
No Intra-op Narc. 12 17 11 30 52 
Intra-op Narc. 33 37 17 42 60 


AP<.05 for difference in RR time between patients with No N/V and N/V 
**P¢.03 for difference in RR time amon all procedures 
***P¢.02 for difference in incidence of N/V among procedures 
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Introduction. The typical patient presenting for orthotopi2 
hepatic transplantation has an elevated cardiac index and 
decreased systemic vascular resistance. Kang and Gelman staced 
that hepatic transplant patients with initially low cardiac. 
outputs may experience umusual cardiovascular instability 
throughout the operative course. Similar impressions have been 
voiced by multiple centers involved in adult and pediatric 
hepatic transplantation, but no clinical data exists to 
substantiate these claims. The purpose of this study was to 
examine this subgroup of patients in an attempt to uncover che 
basis for these unsubstantiated claims, and to determine if 
they had an increase risk of poor outcome. 


Methods. A retrospective review of 80 adult orthotopic 
hepatic transplant procedures, that routinely incorporated we 
use of veno-venous bypass, was undertaken in order to inves=.— 
gate a select subgroup with cardiac indices less than 2.8 
liters/minute M“. A matched group having typical cardiac 
indices, but the same preoperative diagnoses, were selected at 
random fran the remaining patients for comparison purposes. 
All patients were managed according to the standard anesthec_c 
protocol for this procedure at our institution. The initial 
cardiac outputs, those used for classification of patients, 
were obtained following induction of anesthesia. Routine moa_— 
toring of these patients included: arterial pressures fran 
radial or brachial arteries; measurement of central venous amd 
pulmonary artery pressures, thermal dilution cardiac output, 
and core temperature fran the Swan Ganz catheter; blood gases; 
electrolytes; glucose; serun osmlalities; colloid osmotic 
pressures; and coagulation profiles. Blood pressures, hears 
rate, cardiac outputs and temperature were plotted every 5 
minutes on the anesthesia record during the procedure by cer 
puter, These data were used in the camparison of the groups. 
Preoperative laboratory data and intraoperative blood produz: 
utilization were reviewed, along with length of postoperative 
IW stay, duration of hospitalization following transplanta- 
tion, total anesthesia time, and the duration of veno-venas 
bypass. 


Results. The low cardiac index (LCI) group consisted of 11 
patients with a mean cardiac index, following induction, of 
2.19 1/min M (+ 0.54). An additional 11 patients, with matoł- 
ed preoperative diagnoses, had a mean cardiac index of 4.93 
1/min Me (+ 1.24) and was significantly different from the FI 
group (P[0.001). Systemic blood pressures were not significant- 
ly different between groups, however systemic vascular resis- 
tance was significantly higher in the LCI group, as expected. 
Four patients from the LCI group demonstrated unusually larze 
variability in heart rate, systolic, mean and diastolic blod 
pressures when compared with other patients in the same grop, 
and all patients in the typical cardiac index (TCI) group. 
Cardiac outputs obtained prior to, and following reperfusicr 
of the hanograft demonstrated a 90.9% (+ 52.2%) increase in 
the LCI group and a 96.7% (+ 77.2%) increase in the TCI grop, 
that was not significantly different. Intraoperative arterial 
blood gases, acid-base status, and chemistries were reviewed. 
No significant differences could be demonstrated between 
groups during any phase of the procedure, in any of the folw- 
ing parameters; K+, Nat, Cat+, PO>, PCO>, hematocrit, and 
serum osmolality. Colloid osmotic pressure was significantl7 


increased in the LCI group, but only immediately following 
the discontinuation of veno-venous bypass. The pH was signif- 
icantly higher only at the start of the procedure in the LCI 
group, while the corresponding base deficit was significantly 
higher in the TCI group. Intraoperative blood product utiliza~ 
tion was not significartly different among groups. Length of 
time on veno-venous bypass, total anesthesia time, length of 
stay in the ICU, and length of hospitalization following 
transplant were also nct significantly different. There was 1 
intraoperative, and 1 postoperative, death in the LCI group. 
The TCI group had 2 postoperative deaths, 

In an attempt to determine the degree of liver dysfunction 
prior to transplantation, immediate preoperative values of 
prothrombin time, activated partial thromboplastin time, 

total bilirubin, SGOT, SGPT, albumin, amylase and glucose 
were campared among grcups. No significant differences were 
uncovered. 


Discussion. A subgroup of patients with endstage liver 
disease and atypically low cardiac indices, thought to pre- 
sent a difficult anesthetic course, have been described. The 
etiology of this low cardiac output state remains unclear, 
but may be related to the stage of the disease process, 
although not obvious fran preoperative laboratory data. 
Vascular shunts thought to be responsible for low peripheral 
resistance, elevated cardiac output, and increased circulat- 
ing blood volume in the typical patient, are probably not 
present in this group. Low cardiac outputs in the presence 
of normal peripheral vescular resistances and large vascular 
shunts would produce ischemia that could be demonstrated by 
increasing base deficits, inconsistent with the data present- 
ed here. The large variability in heart rate and arterial 
blood pressure, observed in 4 patients fran the LCI group, 
may result fran decreased venous blood volume which diminish- 
es the effectiveness of cardiovascular control mechanisms, 
Another possible explanation for low cardiac output invalves 
myocardial dysfunction, which may arise from circulating myo- 
cardial depressants or cardianyopathies. Circulating myo- 
cardial depressants are not likely since, despite blood 
volume replacement and a functioning transplanted liver, 
cardiac output was never significantly different between the 
start and end of the procedure. In general, a failing myo- 
cardium is also not suspect, because the cardiovascular 
system responds with the same percentage increase in cardiac 
output in both the LCI and TCI groups upoan reperfusion of the 
hamgrafz. 

Although 36 percent of patients with low cardiac indices 
demonstrated significantly greater heart rate and blood 
pressure variability, there were no other identifiable differ- 
ences in their management or outcane when compared to typical 
hepatic =ransplant recipients. Therefare, in general, 
patients without documented cardianyopathies, but with low 
cardiae indices in the presence of end stage liver disease, 
probably do not represent a contraindication to transplanta- 
tion. 


1. Kang, YG, Gelman, S: Liver transplantation, Anesthesia and 
Organ Transplantation. Edited by Gelman, S. Philadelphia, . 
Saunders, 1987,pp 139-183. 
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Introduction. Multiple sampling site mass spectrometry, and 
pulse oximetery, have been experiencing rapid acceptance by 
the anesthesia comunity. Within the current financial 
climate, the ability to obtain the most cost effective aid for 
anesthetic risk management provides a formidable challenge. 
The management of any particular general anesthetic may have 
assogiated with it, the optimm choice of monitors that will 
minimize the risk of anesthesia mishaps. However, it is 
desirable for each operating room to provide the same basic 
standard of patient care, with special purpose monitors 
available as needed far specific cases. The purpose of this 
work was to examine the relative merits and disadvantages of 
using the mass spectrometer or the pulse oximeter routinely 
during the administration of every general anesthetic. 


Methods, Data were collected fran 4 Perkin Elmer Advantage 
systems in continuous use at our institution, and Nellcor and 
Onmeda pulse oximeters. The 4 mass spectraneter systems 
monitored 50 operating roams with a maximm of 13 rooms each. 


Results, There are 3 popularly quoted disadvantages of the 
time shared mass spectrameter system: 1. Discontinuous monitor- 
ing since the machine is shared among several operating roams; 
2. Catastrophic failure resulting in the inability to monitar 
any patient connected to that system; 3. Cost. Data collected 
from 4 systems indicated that the mass spectrameter spent an 
average of 9.1 seconds (+ 0.73, m85 patients) monitoring each 
patient, and 2.0 seconds (+ 0.11, m85 patients) switching 
between roams. No statistical differences could be found in 
these mean times when the data were grouped according to the 
number of roms that were on line. Calibration required about 
30 minutes, and was monitored daily far 1 month, then weekly 
for two months, on one system. Together with monthly data 
acquired from all 4 systems, the results indicated that the 
machine performed within manufacturers specifications when 
calibrated at 1 math intervals, Maintenance records for the 4 
systems were reviewed, and indicated that an average of 2.5 
hours were spent on servicing each system per year, when mar- 
aged by an in-house bianedical engineering group. The total 
time, including calibration maintenance and repair, that the 
systems were unavailable for monitoring patients averaged 8.5 
hours per system per year out of a possible 8760 hours per 
year (0.097%). Calibration and routine maintenance were always 
performed when the systems were not being used, limiting the 
total down time during patient monitoring to less than 37 
minutes per system per year (worst case was 1.7 hours on one 
system). The hospital cost to provide monitoring is $8.10 per 
patient based upon the actual mmber of patients being monita- 
ed, system amortization over 5 years, and the cost of minter 
ance, repairs, and calibration gases. From another perspect- 
ive, the initial capital investment averaged approximately 
$8,000.00 per roam when the system was purchased in 1984, cam 
pared with $5,800.00 per room for pulse oximetry during the 
same time period. 

Pulse oximetry provides accurate information concerning oxy- 
hemglobin saturation under most circumstances. Since oxygen 
desaturation is net an early warning sign, but rather a ter- 
minal event, the major concern regarding pulse oximetry is 
whether there is enough time to recognize, identify, and 
resalve the problem in time to avert a catastrophic incident. 
Data were collected fram 4 healthy volunteers who breathed 
oxygen concentrations fran 0% to 100%. The time to reach 90% 


desaturation while breath holding (at FRC) was recorded, 
along with the rate of saturation change. The time to reach 
90% saturation, when using the rapid response mode and 
starting from 99%, ranged fram 45 seconds at an FIO of 0 to 
greater than 4.5 minutes as the FIO, reached 0.6. The 
subjects were’ unzble to hold their breath much longer than 
4.5 minutes, but as the FIO increased above 0.8, saturation 
remained at 100% to the end of breath holding. The rate of 
desaturation with an FIO> of 0 was 72%/min and decreased to 
6.7%/min at an FIO of 0.5 during breath holding at FRC. 


Discussion. Tne advantages of the mass spectrometer are 
derived fram the ability to display inspiratory and 
expiratory concentrations of simultaneously measured Os, COs, 
No, N20, halothane, enflurane, and isoflurane for each 
breath. In addition, display of the capnogram provides 
information concerning pulmonary pathology. Derived data such 
as A-a gradients and physiologic shunts are available when 
used with blood gas infcrmation. With constant ventilator 
settings, simple differences between inspired and exhaled 
concentrations provide relative O> consumption (oxygen 
delivery) and COs production, The mass spectrometer has the 
unique ability to monitor the integrity of, and directly 
identify problems associated with: gas supply systems, 
anesthesia machine function, vaporizer and ventilator 
function, the patient circuit, as well as physiologic aspects 
of the cardiopulmonary system. Although the mass spectraneter 
provides cetailed information that often enables rapid 
accurate trouble shooting of the problem, the amount of 
available information may be initially overwhelming. While 
connection to the patient and basic operations are trivial, 
full utilization of the instrument and subtle interpretation 
may require extensive training and/or experience. 

Distinct advantages of the pulse oximeter are: continuous 
monitoring except for movement artifact, electrocautery 
interference and peripheral vascular shutdown; and the 
ability to alert the anesthetist of impending disaster 
without camplex interpretation of the displayed data or 
without close attention to the management of the anesthetic. 
Unfortunately, tne oximeter only displays oxygen 
availability, unlike the mass spectrometer that indicates 
oxygen delivery (oxygen uptake). For simple problems 
assoziated with oxygenation of patients, such as airway 
disconnects, the pulse oximeter would probably be the last 
device to alarm following behind the ventilator, tidal volume 
monitor, airway pressure monitor, and the mass spectrameter. 
The pulse oximeter, in the case of more difficult problems, 
provides an alert of impending disaster without aiding in the 
identification of the cause, and possibly not in time to 
avert a catastrcphic event. However, the pulse oximeter is 
the monitor of choice when desaturation is expected and the 
cause is known (i.e. bronchoscopy, one lung anesthesia, 
etc.). 

The simplicity cf the pulse oximeter is attractive, but since 
the device does not provide early warning œ aid in the 
identification cf the problem, routine use may not be 
justified. However, the mass spectraneter will detect 
decreased ‘oxyger: uptake before desaturation occurs and aid in 
the identification of the problem. Routine monitoring of the 
components of the anesthesia delivery system, in addition, 
may prove this to be a more cost effective general purpose 
monitor. 
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Introduction. Potentially fatal cardiac 
arrhythmias have been associated with tke 
accidental intravenous adminstration of scene 
local anesthetic drugs (1,2). The principal 
objective of this study was to compare the 
cardiotoxicity of two long-acting loca_ 
anesthetics, bupivacaine and ropivacaine [S- 
(-)-1-propyl-2!',6'-pipecoloxylidide hydro- 

chloride monohydrate], in pentobarbite_- 


anesthetized, ventilated dogs. We also 
wished to examine the incidence of cardiac 
arrhythmias and the efficacy of 
resuscitative measures, including draq 


interventions ,cardiopulmonary resuscitation 
(CPR) or cardioversion techniques. Ł 
potency ratio of 0.75:1.0 for bupivacaime 
versus ropivacaine was used in order to 
compare equianesthetic doses of the two 


drugs (3). 


Methods. Briefly, adult mongrel dcegs 
were anesthetized with pentobarbital enc 
instrumented to continuously monitor heart 
rate, arterial blood pressure, contractilitr 
and lead II ECG. After drug administratica, 
effective refractory periods (ERP's) were 
measured from ten randomly selected sites =n 
the left ventricle via cardiac, plurge 
electrodes connected to a Medtronics 
programmable stimulatcr (4). Increased EEP 
dispersion, e.g. the difference between the 
longest and shortest ERP's, was considered 
to be a primary indicator of predisposition 
to reentrant ventricular arrhythmias. In 
addition, pulmonary artery pressure, centra_ 
venous pressure, pulmonary capillary wecge 
pressure and cardiac output were measured 
via a Swan-Ganz catheter coupled to & 


cardiac output computer (Edwards 
Laboratories). 
Bupivacaine cr ropivacaine vas 


administered as an intravenous bolus over 
one minute in cumulative doses of 2, 4, and 
8 mg/kg or 2.66, 5.33 and 10.66 mg/kg, 
respectively. A two hour recovery period 
was allowed between each injection. Plasnè 
samples were taken ten minutes after eéch 
dose for analysis by gas chromatography. 


TABLE 1: Cardiotoxicity of Intravenous 
Bupivacaine or Ropivacaine 


Drug ERP Dispersion 
Bupivacaine (msec) 
2.0 mg/kg 13.75 + 4.61 (8) 
4.0 mg/kg 78.57 + 13.88 (7) 
8.0 mg/kg 95.00  ----- (2) 
Ropivacaine 
2.66 mg/kg 11.43 + 4.59 (7) 
5.33 mg/kg 17.00 + 2.60 (11) 
10.66 mg/kg 56.67 + 10.54 (6) 


Data are mean + SEM fcr (n) observations 


Results. Both bupivacaine and ropivacaine 
caused a dose-related increase in ERP 
dispersion, measured within 2-5 minutes 
after the drug's intravenous administration 
(table 1). Most regions of the left 
ventricle showed prolonged ERP's, indicating 
slower conducticn, but in some cases ERP's 
were ‘unchanged or shorter than in control 
periods. Impertantly, ERP dispersion was 
significantly greater for bupivacaine than 
ropivacaine after the second and third doses 
of local anesthetic. The incidence of 
cardiac arrhythmias was also higher for 
bupivacaine-treated animals compared to dogs 
given ropivacaine. Five of eight dogs 
experienced cardiac arrhythmias after the 8 
mg/kg dose of bupivacaine and one animal 
develoved an arrhythmia after 4 mg/kg, iv. 
In contrast, only four of ten dogs given an 
equianesthetic dose of ropivacaine (10.66 
mg/kg) had cardiac arrhythmias, and none had 
arrhythmias after 5.33 mg/kg. Characteristic 
ECG changes associated with bupivacaine or 
ropivacaine administration included 
shortened R-waves, prolonged S-T interval, 
and, especially, increased area-under-the- 
curve of the T-wave. Plasma concentrations 
of these drugs, measured ten minutes after 
intravenous administration of the highest 
dose, were 20.48 + 6.28 and 15.26 + 5.04 
ug/ml for bupivacaine and ropivacaine, 
respectively. 


Discussion. In these experiments, bupiva- 
caine was more likely than ropivacaine to 
produce cardiac arrhythmias at the highest 
dose administered. Bupivacaine caused 
arrhythmias in 75% of dogs tested, whereas 
only 40% had arrhythmias after ropivacaine. 

Lower doses of bupivacaine increased 
dispersion of ERP's in the left ventricle to 
a greater extent than ropivacaine, again 
indicating greater cardiotoxicity of 
bupivacaine. Resuscitative measures were 
equally successful in dogs experiencing 
cardiac arrhythmias due to bupivacaine or 
ropivacaine toxicity, with about 50% of 
animals recovering a stable rhythm and 
adequate blood pressure without metabolic 
acidosis. Herce, the long-acting local 
anesthetic ropivacaine appears to be less 
cardiotoxic than bupivacaine when 
administered in repeated, intravenous doses. 
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Introduction. Delayed ventilatory depression has 
besen observed in association with epidural (ED) and 
intrathecal (IT) administration of morphine (M) and has 
been ascribed to rostral spread of M within the spinal 
subarachnoid space (SAS) to brain stem respiratory centers 
(1). However, controversy exists as to whether M 
concentration changes in cisterna magna (CM) CSF (taken 
to represent M levels at the brain stem) or ventilatory 
changes over time, following IT-M administration, are 
consistent with the rostral redistribution hypothesis 
(2,3,4). Reports relating M levels at the brain stem to 
ventilatory changes as a function of time following ED-M 
are absent from the literature. The present report 
describes the results of our investigation of the above 
employing an awake dog preparation. 


Methods. Mongrel dogs (30 kg) were surgically 
prepared under general anesthesia with chronic indwelling 
femoral arterial and venous catheters, guide cannulae for 
insertion of spinal needles into the CM and 4th ventricle 
(V4), ED catheters (see ref. 5) and tracheostomy. 
Appropriate placement of the ED catheter (inserted 1-2 
days prior to study) was demonstrated via fluoroscopy and, 
following recovery from anesthesia, by the rapid 
appearance of hindlimb paralysis upon lidocaine injection. 
Eight to 14 days were allowed for recovery from the other 
surgical procedures. For study, the dogs were placed in a 
stanckion that provided comfortable head and body 
restraint and CM and V4 needles inserted. Followinga 1h 
contrel period, that included 6-7determinations of Paco 
and 2 evaluations of ventilatory drive (VD), fhe dogs 
received an injection of 20 mg M sulfate plus pl CHM Gn 
3 ml saline) via the ED catheter. Arterial blood was 
sampled, at 15 min intervals for analysis of PaC 05 and 
Plasma C activity and VD evaluations performed évery 
3C min. CM-CSF was collected at 15 min intervals using 
continuous withdrawal at a rate (20-30 ul/min) that 
maintained V4. pressure at 3-7 mmHg. Samples were 
analyzed for “"C activity and M base concentration (via 
HPLC). VD assessments were done using a CO 
rebreathing procedure and, to facilitate comparisons 
among dogs, were based on the 1 sec inspiratory occlusion 
pressure change (dp/dt) at a Pac O> = 70 mmHg during 
rebreathing. 


Results. In the figures, all values arp expressed as 
Means SEM. As shown in fig. 1 (left), the °"C activity in 
arterial plasma peaked at 30 min gnd declined to 20% of 
the peak value by 6h. CM-CSF 'C activity reached its 
peak level by 45 min and then declined steadily, but much 
more slowly than in arterial a, reaching 60% of the 
45 min activity at 6 h. The ''C activity represents M 
present as unconjugated M base pus conjugated M 
(principally M-3-glucuronide [M3G]). V4 administration of 
M (6), but not M3G (unpublished), depresses ventilation in 
dogs. The aims of the present study are therefore more 
accurately met through analysis of time-related changes in 
the levels of CM-CSF base. Levels of M base in CSF (fig 
1, rignt) peaked at 45 min (at 64 ng/ml) declining gradually 
to 50% of the peak concentration at 6 h. Figure 2 shows 
that the maximal ventilatory depression was achieved by 
1.5-2 h with no further depression occurring thereafter, 
although significant depression was maintained out to 6 h. 


Discussion. The present finding of an early peak in 
CM-CSF M levels (45 min) followed by a steady decline 
thereefter does not appear consistent with a significant 
rostral redistribution of M within the SAS, following ED 
administration in the dog. It is more likely that the M 
presented to intracerebral sites was delivered via blond 
following its uptake primarily into the extensive ED venous 
system (1,5). The 1-2 h delay in the maximum ventilatory 
depression following the peak CM-CSF M base concen- 
tration is similar to previous findings in dogs given 
intravenous (IV) M (7). However, the present results of a 
slow decline in CSF M base levels and a ventilatory 
depression maintained over 6 h is in contrast to findings in 
IV-administered dogs where a far more rapid decrease in 
CM-CSF M (to <10% of peak at 6 h) and a retum to near- 
normal ventilation over 6 h were reported (7). This 
Suggests significant differences in the CM-CSF 
pharmacokinetics and ventilatory pharmacodynamics when 
comparing ED and IV administered M. 
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Introduction. Long a standard of safe anes- 
thesia practice, spinal anesthesia(SA) has been 
singled out as an inappropriate anesthetic choice 
for day-surgery patients (1,2). These studies do 
not reflect our experience with post lumbar, punctur= 
(LP) complications. This prospective study was 
undertaken to determine outcome following SA in 
outpatients. 


Methods. Following approval of appropriate 
institutional review boards, all patients electing 
SA from January 1, 1987 through May 30, 1987 were 
studied. Data collected at the time of operation 
included: age and sex of the patient, surgical pro- 
cedure, anesthetic agent, site of LP, needle gauge, 
(25 or 26), number of attempts, experience of the 
anesthetist, and complications or failures. The 
patients were discharged to home only after all 
signs of the block had disappeared and the patient 
could void. Telephone inquiry was made between the 
third and twenty first postoperative day (median = 
5 days) and the nature and degree of complaints 
including headache(HA), backache(BA), and urinary 
retention was recorded. The severity of HA was 
graded 0 to 4: 0 = no HA, 1 = mild, nonpostural HA, 
and 2 or greater = postural and of increasing sever- 
ity (3). HA of 2 or greater was considered signifi- 
cant. An analogous score described BA severity. 

0 = no BA, 1 = mild, lasting less than 24 hours, 

2 = mild, lasting up to 48 hours, 3 = moderate last- 
ing more than 48 hours, and 4 = severe for at least 
24 hours. The need for an epidural blood patch to 
alleviate HA symptoms was also noted. The Chi 
Square test was applied for data comparison and the 


Yates correction was used where sample size dictated. 


Forty four consecutive females receiving gen- 
eral anesthesia(GA) for laparoscopy were also 
studied. The incidence of nausea in the recovery 
room was recorded for these patients as well as 
their cohorts who received SA, additionally. 


Results. Three hundred two patients received 
SA as outpatients, however 5 required GA and 9 
couldn't be reached afterward. The remaining 288 
patients consisted of 163 females (ages 14 to 72 
years), and 125 males (ages 14 to 78 years). Table 
1 outlines the distribution of surgical procedures. 


Table 1 


OTHER OTHER OTHER 
LITHOTOMY SUPINE PRONE 


MALE 57 0 32 4 2 
FEMALE 25 42 78 16 2 


ARTROSCOPY LAPAROSCOPY 


Overall incidence of HA was 11% with a sig- 
nificant difference in occurrence between males and 
females (p .005), (See Table 2). Incidence of 
nonpostural HA was identical for males and females 
(5.6%). 


Table 2 HEADACHE DATA 


No GRADE GRADE GRADE GRADE (%) GRADE 2 


HEADACHE 1 2 3 4 or greater 
MALE 113 7 3 2 0 4 
FEMALE 127 9 12 6 9 16.6 


There was no significant correlation between 
HA and the number of attempts, needle gauge, exper- 
ience of the technician, or surgici’ procedure. No 
HA was reported in any patient greater than 55 years 
of age. Six (22%) of the females with HA required 
epidural blood patch. Patients receiving GA reported 
a 2.5 % incidence of nonpostural HA. 


Table 3 BACKACHE DATA 


NO GRALE GRADE GRADE GRADE (%) GRADE 2 


BACKACHE 1 2 3 4 or greater 
MALE 87 9 21 8 0 23 
FEMALE 86 12 48 12 5 40 


The overall incidence of BA was 32% with fe~ 
males reporting a significantly greater incidence 
than males (p .005). Backache was not related to 
position, (lithotomy vs. supine), number of attempts, 
site of LP, or age». The incidence of BA was sig- 
nificantly less (10%) in patients who received GA 
(p .005). 

The incidence of postoperative nausea in the 
recovery room in patients undergoing laparoscopy 
was 21% following 5A and 68% following GA (p .005). 
No patient reported urinary retention. 


Discussion. The results of this survey of 288 
patients given spinal anesthesia for outpatient 
surgery are not in agreement with previous studies in 
outpatients. The males, particularly, had a much 
lower incidence of HA and BA in this study than the 
previously reported rates of 37% and 55%, respective- 
ly, (1). Backache was a frequent complaint, but it's 
noteworthy that only 5 patients described theirs 
as severe. The difference in complication rates 
after spinal anesthesia between males and females 
deserves further study. Spinal anesthesia should 
not be discarded from the anesthatic options suit- 
able for outpatients, especially males. 
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Introduction. A novel approach to patient 
monitoring has been developed which allows 
collection of physiologic data from a single 
anatomic site - the trachea. Multiple sensors 
have been fashioned and attached to an 
endotracheal tube and tested in dog and sheep 
experiments. ECG, heart, breath and Doppler 
sounds, and temperature are monitored directly 
from the trachea via a cuffed endotracheal tube. 


Methods. Nine dogs and 3 sheep were 
anesthetized and intubated with sensors 
fabricated on conventional endotracheal and jet 
ventilation tubes. Instrumentation included 
conventional surface~lead ECG, esophageal, 
pharyngeal, rectal, and Swan-Ganz® blood 
temperaturee In select dog experiments, a 
percutaneous transluminal coronary angioplasy 
(PTCA) catheter was placed in the left anterior 
descending coronary artery with an aortic 
pressure catheter. 


Results. A variety of ECG electrode 
placements on endotracheal tubes were evaluated 
to determine optimum electrode placement and 
interface site with the tracheal mucosa. A 3- 
electrode system was developed which allowed ECG 
monitoring completely from within the trachea. 
Comparison with surface ECG signals demonstrated 
crisp ECG signals and clear P, QRS and T 
waves. Further comparisons illustrated 
increases and decreases in heart rate with 
surface warming and cooling of the dog, 
increases in heart rate with ephedrine 
injections, clear P waves monitored from the 
tracheal ECG during tachycardia not visible in 
the surface ECG, and evidence of ischemia on the 
tracheal ECG when the LAD coronary artery was 
occluded with a PTCA balloon. 


Tracheal temperature was monitored from the 
endotracheal tube with a thermistor or 
thermocouple which paralleled conventional 
esophageal temperature measurements, both in the 
sheep and the dog (usually varying less than 
0.4°C). The dog was utilized in most 
experiments because the anatomy more closely 
approximates the human. (Sheep studies required 
an extended length endotracheal tube.) 


Heart and breath sounds could be monitored 
from various channels on the jet ventilation 
tube and from fabricated ports on the 
endotracheal tube (air transmission). A small 
audio amplifier placed distally on a pilot tube 
provided spectrally distinct bands for heart and 
breath sounds. 


A Doppler crystal was placed on the 
tracheal cuff balloon and evaluated for 
monitoring of heart and breath sounds and as a 
detector for air embolism. In dog studies, 
heart sounds were clearly detected by the 
Doppler probe. By simply rotating the tracheal 
tube, either arterial or venous sounds could be 


monitored (5-hour study period). Small 
increments of air (0.1 cc) injected into a 
forelimb vein were immediately amplified. 


Discussion. A multimonitor endotracheal 
tube has been developed and tested in dogs and 
sheep which allows monitoring of ECG, 
temperature, and heart, breath and Doppler 
sounds from the trachea. The tracheal tube 
Doppler sensor has advantages over the 
conventional chest precordial or esophageal 
Doppler because of the absence of movement 
artifact and earlier detection for sitting 
neurosurgical cases because of the immediate air 
detection at the level of the superior vena 
cava. This concept of monitoring vital signs has 
immediate application for patients undergoing 
general anesthesia and surgery, for patients in 
a critical care mit, and emergency patient 
transporte. Multimonitor endotracheal tubes can 
replace certain conventional monitors and are 
currently being fabricated for clinical trials. 
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INTRODUCTION: Anesthesiologists are asked more and 
nore to care for sicker Patients as well as to re- 
spond to the demands for safer and more expeditious 
outpatient surgery. Within this context we hypothe- 
sized that using Respiratory Sinus Arrhythmia [RSA] 

a measure of vagal tone (l), would give a more precz- 
5e way to monitor anesthetic depth and recovery. The 
vagal influence on cardiac rhythm can be extracted by 
zomputer analysis of the beat-to-beat variations in 
the routine ECG and affords a non-invasive "window" 
into CNS activity (2) that might consistently reflect 
she depressant effect of various anesthetic agents. 


{ETHOD: The study protocol was approved by the Inves- 
:igational Review Committee. Written informed consert 
vas obtained from all fourteen patients (ASA I or II, 
nean age 36 years). All patients, scheduled for elec- 
sive surgery, were premedicated with IM midazolam .(5 
ag/kg and glycopyrrolate .2 mg and after pre-curari- 
tation induced with 4.5 mg/kg thiopental followed by 
!.5 to 2.0 mg/kg succinylcholine to facilitate tra- 
theal intubation. Surgical anesthesia was maintainec 
vith N20 70% in 02 30% and enflurane 1 to 3%. Muscle 
‘elaxation was achieved with either vecuronium .1 ng/ 
‘g or d-tubocurarine .3 mg/kg and later reversed with 
shysostigmine 2.5 to 5.0 mg and glycopyrrolate .5 tc 
--0 mg. Continuously recorded ECG data were analyzec 
m-line for RSA and heart rate [HR] using a Delta-Bi- 
metrics Vagal Tone Monitor (3). Blood pressure [BP] 
yas measured with DINAMAP. RSA, HR and BP were meast- 
‘ed before and after premedication, during inductior, 
ntubation and surgery, and during a two hour post- 
yperative recovery period. Analyses of variance were 
alculated to test the differences in RSA, HR and BF 
mong the pre~,intra-and post-operative phases. Re- 
‘ression analyses were used to evaluate the relation- 
hip between total anesthesia exposure and subsequent 
‘ecovery of RSA. 


-ESULTS: Mean values and standard deviations of RSA 
vagal tone), HR and systolic BP are given in Table: 


RSA [1n] HR [bpm] BP [mm Hg] 
ASELINE 6.3 + 1.2 85 + 14 125 + 18 
‘REMEDICATION 4.6 + 1.2 87 + 13 120 + 18 
NDUCTION 2.4 + 1.6 94 + 12 121 + 17 
NTUBATION 142 2.154 98 + 16 128 + 23 
URGERY 0.6 + 0.5 90 + 11 113 + 20 
ECOVERY 30' 2.0 Ł 1.2 92 żŁ 12 132 + 23 
ECOVERY 60' 2.8 + 1.6 88 + 13 134 + 18 
ECOVERY 90° 3.2.4 1.9 86 + 12 131 + 19 
ECOVERY 120' 3.4 + 1.9 87 + 14 130 + 19 


SA decreased markedly after premedication and durinz 
aintenance of anesthesia; it was depressed by 90% 
rom baseline during surgery. BP dropped by 8% during 
urgery, HR did not change significantly (Figure 1). 
uring recovery, RSA graduaily returned to baseline 
ut remained depressed by 44% after 2 hours of reco- 
ery. HR and BP were within 10% of the pre-operative 
alues during recovery (Figure 2). Regression analy- 
is showed a strong correlation between the total an- 
sthesia exposure, defined as [volZ enflurane] x [ex- 
osure time], and the rate of recovery of RSA, with 

= 0.74. 
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DISCUSSION: Determining the depth of anesthesia has 
never been exact science. Commonly used signs such as 
patient's movement, HR, BP and pupilary changes are 
not reliable; multilead EEG analysis is expensive and 
difficult to interpret. The dose-related changes seen 
in RSA with premedication, induction and maintenance 
as well as recovery from enflurare anesthesia were 
demonstrated here to parallel the depth of anesthesia 
and the rate of recovery. Changes in HR and BP showed 
no such consistency. Thus monitoring RSA (vagal tone) 
provides a consistent single index to guide adminis- 
tration and recovery from enflurane anesthesia. 
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INTRODUCTION: Epidural administration of 
narcotics has become a common method of 
postoperative analgesia, particularly after cesarean 
delivery. However, when morphine is administered 
epidurally following epidural anesthesia with 
chloroprocaine, the onset of analgesia is delayed 
and its quality is poor, probably because of the 
acidity of chloroprocaine solution (1). When 
epinephrine is added to a local anesthetic, the 
acidity of the solution increases. If indeed the pH 
of the environment determines the quality of 
epidural morphine analgesia, then adding epinephrine 
to chloroprocaine should further reduce its quality. 
This study was designed to determine the effect of 
epinephrine on the quality of epidural morphine 
analgesia. 


METHOD: The protocol was approved by the 
Hospital's Committee on Scientific Activities, and 
informed consent was obtained from the patients. 
Twenty patients, scheduled for cesarean delivery 
under epidural anesthesia, were studied. Ten 
patients received plain chlorprocaine 3% (CL group), 
and another ten patients received chlorprocaine 3% 
combined with epinephrine 1:200,000 (CLE group). 
After the baby was delivered, each patient received 
5 mg of preservative-free morphine epidurally. The 
following data was collected: 1. Incidence of late 
onset. 2. Duration of analgesia (time to the first 
request for systemic analgesia). 2. Quality of 
analgesia at 0-4, 4-18, and at 18-24 hours after 
surgery. 3. Incidence of pruritus, and nausea and 
vomiting. The quality of analgesia was assessed by 
the patient, as follows: 0=none, 1=poor, 2=fair, 
a=good, and 4=excellent. The results in the two 
groups were compared and analyzed using ANOVA and 
Chisquare methods. P values smaller than 0.05 were 
considered significant. The pH of the local 
enesthetic solutions was determined using the 
Beckman digital pH meter model no. 3500. 


RESULTS: The results are summarized in tables 
1-3. The incidence of late onset of analgesia was 
greater and its quality poorer during the first four 
Postoperative hours in the CLE group. The pH of the 
CL and CLE solutions were 4.41 and 4.22, 
respectively. 


AGE WEIGHT HEIGHT 


CLE 2845 145415 6341 
CL 2742 146417 6342 
P NS NS NS 


Table 1: The age (in years), weight (in pounds), 
and height (in inches), in the CLE and CL groups. 


ANALGESIA SCORE, AT HOURS 
DURATION 0-4 4-18 18-24 
CLE 2742 1.00.0 3.20.6 2.50.5 
CL 20+4 1.60.5 2.90.6 2.10.3 
p  <0.001 <0.01 NS NS 
Table 2: The duration (in hours) and scores of 


analgesia in the CLE and CL groups. 


LATE ONSET PRURITUS N&V 


CLE 10 2 0 
cL 4 1 l 
<0. 005 NS NS 


Table 3: The incidence of late onset, 
moderate-to-severe pruritus, and moderate-to-severe 
nausea and vomiting (N&V) in the CLE and CL groups. 


DISCUSSION AND CONCLUSIONS: The greater acidity 
of chloroprocaine-epinephrine mixture apparently 
causes a greater degree of ionization of morphine 
molecules, and slows down their diffusion through 
spinal cord membranes (1). Our observations support 
the hypothesis that acidic environment inhibits 
epidural morphine analgesia. Although epidural 
morphine analgesia lasted longer in the presence of 
epinephrine, the onset of the analgesia was delayed 
and its quality during the immediate postoperative 
period was diminished. Although the mechanism of 
action of epidural opiates differs from that of 
local anesthetics, it seems that both groups are 
inhibited in acidic environment, probably due to 
greater electrolytic dissociation of their 
molecules (2). 
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INTRODUCTION: Epidural administration of AGE WEIGHT HEIGHT 
narcotics has become a common method of cL 2845 145415 6341 +> 
postoperative analgesia, particularly after cesarean LI 2743 15120 6342 
delivery. However, when morphine is administered NS NS NS 


epidurally following epidural anesthesia with 
chloroprocaine, the onset of analgesia is delayed 
and its quality is poor (1). Our study was designed 
to compare the quality of epidural morphine 
analgesia following epidural anesthesia with 
lidocaine to that following epidural anesthesia wita 
chloroprocaine for cesarean delivery. 


METHOD: ‘The protocol was approved by the 
Hospital's Committee on Scientific Activities, and 
informed consent was obtained from the patients. 
Twenty patients, scheduled for cesarean delivery 
under epidural anesthesia, were studied. Ten 
patients received chloroprocaine 3% (CL group) and 
another ten received lidocaine 2% (LI group). 
Epinephrine 1:200,000 was added to the local 
anesthetic in both groups. After the baby was 
delivered, each patient received 5 mg of 
preservative-free morphine epidurally. The following 
data was collected: 1. Incidence of late onset of 
analgesia. 2. Duration of analgesia (time to the 
first request for systemic analgesia). 3. Quality 
of analgesia at 0-4, 4-18, and at 18-24 hours after 
surgery. 4. The incidence of pruritus, and nausea 
and vomiting. The quality of analgesia was assessed 
by the patient, as follows: O=none, l=poor, 2=fair, 
3=good, and 4=excellent. The results in the two 
groups were compared and analyzed using ANOVA and 
Chisquare methods. P values smaller than 0.05 were 
considered significant. The pH of the local 
anesthetic solutions was determined using the 
Beckman digital pH meter model no. 3500. 


RESULTS: The results are summarized in tables 
1-3. The groups were similar in age, height, and 
weight. There were no differences between the 
groups in duration of analgesia or side effects. 
However, the incidence of late onset of analgesia 
was greater and its quality was poorer in the CL 
group than in the LI group. The pH of the 
chloroprocaine and lidocaire solutions were 4.22 anc 
6.42, respectively. 


Table 1: The age (in years), weight (in pounds), 
and height (in inches) in the CL and LI groups. 


ANALGESIA SCORE, AT HOURS 


DURATION 0-4 4-18 18-24 
CL 2742 140 3.240.6 2.540.5 
LI 28+5 2.740.5 3.70.5 3.140.7 
Pp NS <0.001 0.06 <0.05 


Table 2: The duration (in hours) and scores of r 
epidural morphine analgesia in the CL and LI groups. 


LATE ONSET PRURITUS N&V 


cL 9 2 0 
LI 0 4 1 E 
<0.001 NS NS 


Table 3: The incidence of late onset, 
moderate-to-severe pruritus, and moderate-to-severe 
nausea and vomiting (N&V) in the CL and LI groups. 


DISCUSSION AND CONCLUSIONS: The onset of epidural 
norphine analgesia is delayed and its quality is 
poor following epidural anesthesia with 
chloroprocaine. A possible explanation for this 
antagonism between morphine and chloroprocaine is 
the acidity of the chloroprocaine solution (1). The 
low pH possibly increases ionization of morphine 
molecules and thus slows their diffusion through 
spinal cord membranes. This is similar to the 
effect of acidity on nerve block by local 
anesthetics: The greater the acidity of the 
environment the slower the onset of the nerve block 
(2). It seems that although their mechanism of 
action is different, both epidural opiates and 
epidural local anesthetics are inhibited in an 
acidic environment. 
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Introduction. Previous studies have reported 
that analgesia for labor is improved when fentanyl 
is added to epidural bupivacaine (1, 2). Sufentanil 
has physical properties, such as high lipid solubility, 
and an increased affinity for the mu opiate receptor 
which suggest that it may be superior to fentanyl 
for epidural use (3). This study was done to 
examine the effect on quality of analgesia when 
sufentanil is added to an epidural infusion of 
bupivacaine. 


Methods. Approval by the Human Subjects 
Investigation Committee and informed consent from 
the patients were obtained. Forty women in labor 
at term were randomly allocated to two equal 
groups. Patients had an epidural catheter placed at 
the second or third lumbar space, and received 
10 ml of analgesic solution. Group | received 
0.25% bupivacaine. Group 2 received 0.125% 
bupivacaine with sufentanil 2 ug/ml. At thirty 
minutes following the initial epidural injection both 
groups commenced an epidural infusion at a rate of 
10 ml/hr. Group 1 received 0.125% bupivacaine 
while Group 2 received 0.125% bupivacaine with 
sufentanil 1 ug/ml. Return of pain was treated by 
5 ml injections of analgesic solution as follows; 
Group 1: 0.25% bupivacaine, Group 2: 0.125% 
bupivacaine with sufentanil 2 ug/ml. Side effects 
were noted and degree of motor block was recorded. 
Analgesia was assessed by the patient on a visual 
analog pain scale (VAPS) during labor, and on a four 
point scale for delivery. Maternal and cord blood 
samples were taken at delivery for estimation of 
plasma sufentanil levels by radioimmunoassay. 


Results. Patients in the two groups were 
comparable in age, parity, height, weight, cervical 
dilatation, initial VAP score and time interval from 
epidural placement to delivery. Sufentanil treated 
patients had lower mean VAP scores in labor than 
patients in Group | (see table). Analgesia for 
delivery was also improved, as more patients in the 
sufentanil group claimed to have complete 
analgesia. In addition more patients in the 
sufentanil group had no epidural 'top up' injections. 
Motor block was more common and more marked in 
Group 1 patients. Ten patients in Group 2 developed 
mild pruritus. No neonatal depression was apparent 
in either group of neonates and sufentanil plasma 
levels in mother and fetus at delivery were 
undetectable. 


Discussion. These results demonstrate a 
significant improvement in analgesia for both labor 
and delivery when sufentanil is added to 0.125% 
bupivacaine infusions. An additional advantage of 
this technique is a reduction in the number of 
repeat epidural injections required. The only side 
effect observed in the mother was mild pruritus, 
and no neonatal depression was seen. 
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QUALITY OF ANALGESIA FOR LABOR 
AND DELIVERY AND REQUIREMENTS FOR 
REPEAT EPIDURAL INJECTIONS 








Group | Group 2 
(Bupivacaine) (Bupivacaine/ 
Sufentanil) 

Mean VAP score 
in labor 15.2 +13.3 3.9 + 9.7 
Analgesia for delivery 

Grade 2 (good) b 11 3 

Grade 3 (complete) 7 16 
Repeat epidural, injections 

No injections 5 12 

One injection ll 5 

Two injections, 2 3 

Three or more 

injections 2 0 





a p<0.0l, b p<0.05 
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Introduction: The inciderce of postoperative sciatiz= 
nerve palsy (PSNP) following total hip arthroplasty (THX) 
is reported as 0.7-7.0% (1). Tke incidence at our instituti2a 
is approximately 2.6%, and has been found to be mo-=2 
likely in women and in patients who have undergon2 
previous surgery on the same hip (2). Stone et al Œ 
utilized cortical somatosensory evoked potentials (SSES 
during THR and found that 20% of patients had 
intraoperative changes indicative of compromise in sciatic 
nerve function. The purpose of our investigation was -o 
compare the incidence of PSNP in patients with amd 
without intraoperative monitoring of SSEP, and to furth2> 
determine the factors associated with both PSNP arc 
intraoperative changes of SSEP which might indicate ner-e 
injury. 

Methods: After obtaining informed consent arc 
intitutional approval, 72 adult patients (ASAI-II) schedulec 
for elective THR were randomly allocated to eithe> 
monitored (I) or unmonitored (II) groups. Anesthetc 
management consisted of N20 60-70% in oxygen 
isoflurane, fentanyl, and pancuronium. Intra~arterial blocc 
pressure, central venous pressure, end-tidal C02, oxyger 
saturation, and temperature were monitored continuous 
and kept at stable levels in all patients during SSEP signa- 
acquisition. SSEP's were recorded using a Cadwell 84(C 
signal averager, with percutaneous stimulating electrode: 
placed over the peroneal nerve at the fibular heec 
bilaterally. Random stimuli were delivered at 3X moter 
threshold at a rate of 4-7 per second. Subdermal need'e 
recording electrodes were placed at C2 and 2 cm posterior 
to CZ, referenced to FPZ. Filters were set at 10 Hz arc 
300 Hz. 250 stimuli were averaged per response, and twc 
consecutive responses were averaged’ for eack 
determination. Latency (ms) of the P1 cortical response 
and amplitude (uv) of the P1-N1 response were tabulatec 
at 6 times during the procedure: after stable levels ci 
anesthesia were obtained (BAS), after dislocation of the hf 
(DIS), during reaming of the acetabulum (ACE), durire 
femoral preparation (FEM), after relocation of the hit 
(REL), and during skin closure (CLO). Latency prolongatic- 
of >10% of baseline latency and/or amplitude reduction ct 
>50% of baseline amplitude were used as criteria fo 
indication of sciatic nerve compromise. The response from 
stimulation of the contralateral peroneal nerve was used 
as control. Data from each group were compared utilizins 
stepwise discriminant analysis. 

Results: Patient groups cid not differ in age, sez, 
weight, diagnosis, surgical approach, type of arthroplasty 
performed, or presence of previous surgical procedures cn 
the same hip. No factor was significantly associated with 
the presence of intraoperative SSEP change, althougz 
changes tended to be more common in women who hal 
previous surgery. One of 40 patients in the unmonitorel 
group (2.5%) sustained permanent PSNP, and one patiert 
in the monitored group (3.1%) had transient PSNP thet 
resolved within one week (Fig. 1). 41% of patients in th= 
monitored group had a total of 23 changes in SSE? 
intraoperatively. Of these ckanges, 4% occurred during 
dislocation, 26% during acetabular reaming, 22% during 
femoral preparation, 35% during relocation, and 135 
persisted at closure. 35% of these events were changes ia 
latency only, and 43% were changes in amplitude (Fig. 2- 
Five events in four patients involved both latency 
prolongation and amplitude reduction (three during 
reduction, one during femoral reaming, and one persistel 


SS Porter, M.D., D Black, M.D., J Mason, FW Reckling, M.D. 
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at closure). In each case, the SSEP was completely 
abolished (flat). Three patients recovered SSEP after 
modification of the operative apprcach. The patient with 
persistent absence of the SSEP at closure awoke with PSNP 
(foot drop). 

Discussion: The peroneal divisicn of the sciatic nerve 
is most commonly involved in PSNP, and therefore was 
chosen for stimulation. Sciatic nerve ischemia due to 
stretching or compression is the most likely cause of PSNP. 
Our results indicate that stretching caused by reduction of 
the hip or retractor placement was more likely to cause 
alteration of SSEP, although SSEP changes were noted 
throughout the operative course. We were unable to 
demonstrate a statistically significant change in the 
incidence of PSNP by monitoring peroneal SSEP. However, 
the incidence of PSNP is low, and will require study of a 
larger patient population to clarify definite effects. Of the 
patients sustaining PSNP, one was unmonitored, and one 
displayed persistent significant abrormality of the SSEP 
(flat) that was unresponsive to surgical investigation and 
manipulation. A significant percentage of our patients 
appear to have intraoperative changes in SSEP that might 
indicate sciatic nerve injury. This is in agreement with the 
results of Weber, who found a 70% incidence of 
postoperative EMG abnormalities after THR (3). At 
present, we are unable to identify preoperative factors or 
intraoperative events that reliably predict SSEP change or 
vulnerability to PSNP. Experience in monitoring SSEP 
during spinal surgery indicates that persistent absence of 
serious abnormality of SSEP at the end of surgery predicts 
postoperative neurologic function (4), and our results 
support this. Monitoring of sciatic nerve function during 
THR may therefore be beneficial in detection of 
intraoperative nerve compromise that may result in 
postoperative sciatic nerve palsy. 
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nerve compromise during total hip arthroplasty. Clin 
Orthoped Rel Res 201:26-31, 1985. 2. Bruce RP et al. 
Nerve palsies associated with tctal hip arthroplasty. 
Presented at AAOS 54th Annual Mtg, San Francisco, CA, 
Jan 22-27, 1987. 3. Weber ER et al. Peripheral 
neuropathies associated with total hip arthroplasty. J Bone 
Joint Surg 58-A:66-69, 1976. 4. Grundy BL. 
Intraoperative monitoring of senscry evoked potentials. 
Anes 58:72, 1983. 
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Introduction, Sodium thiopental (STP) and ketamine 
(KET) are used for induction of anesthesia in pregnant patients 
after acute hemorrhage. However, there is little information 
upon which to base the choice of anesthetic agent. Previous 
work has shown that the fetal response to decreased placental 
perfusion produced by maternal uterine artery constriction 
includes bradycardia, hypertension, elevated catecholamine 
levels and increased cerebral blood flow (1). Fetal response to 
maternal hemorrhage has been studied in less detail and organ 
blood flow changes have not been evaluated (2). The stress 
response to hemorrhage may be adversely modified by induction 
of maternal anesthesia. KET may support maternal and fetal 
blood pressure, maintaining placental perfusion and fetal 
cerebral perfusion. On the other hand, STP may reduce fetal 
cerebral metabolic rate and be "protective". Thus, this study 
was designed to examine the cardiovascular, metabolic and 
regional organ and cerebral blood flow responses of the sheep 
fetus to maternal hemorrhage when maternal anesthesia is 
induced with STP or KET. 


Methods, Pregnant ewes (N-15) were anesthetized with 
halothane for the placement of femoral and carotid arterial 
catheters, femoral vein and pulmonary arterial catheters. Fetuses 
were exposed through a hysterotomy for placement of EKG 
electrodes, femoral and brachial arterial catheters, femoral vein 
catheters and sagittal sinus catheters. Studies were performed 
after 72 hours of recovery. At the beginning of the study 
period, ewes were given 100 % oxygen for a 30 minute control 
period, then hemorrhaged 21ml/kg over 30 minutes. Animals 
had been previously randomized to one of three groups. 
Anesthetized animals received either STP (6.6mg/kg) or KET 
(13.2 mg/kg) with tracheal intubation facilitated by 
succinylcholine (1mg/kg). Control animals were observed after 
hemorrhage without anesthesia or intubation. The doses of STP 
and KET were selected based on results of a pilot study that 
demonstrated requirements of 11mg/kg of STP and 22mg/kg of 
KET to abolish the response to pain in normovolemic sheep. 
Hemorrhage has been shown to reduce drug requirements by 
approximately 30% in pigs(3). Accordingly, reduced doses 
were selected for this study. Fetal and maternal cardiovascular 
parameters were measured every 5 minutes during hemorrhage, 
then every minute during induction of anesthesia and there after 
until the end of the study. Maternal and fetal blood gases and 
fetal regional blood flow parameters, using radiolabeled 
microspheres, were measured before hemorrhage, after 15 and 
30 minutes of hemorrhage, and 2 and 7 minutes after induction 
of enesthesia (STP or KET) or during post-hemorrhage 
observation (control group). 


Results. Hemodynamic data has been collected in 5 
control, 5 KET and 5 STP animals. Regional blood flow has 
been measured in 4 control, 5 KET and 5 STP fetuses. In these 
animals (N=15), hemorrhage produced a significant decrease 


(p<0.05) in maternal MAP from 103.349.3 torr to 54.8+torr 


(mean+SD), without maternal acidosis. Fetal responses 
included a significant decrease in pH and arterial oxygen 
content, and significant increase in blood flow to the heart, brain 
and adrenal glands (P<0.05). A decrease in fetal heart rate was 
observed, but with considerable variation. 

In the control group (N=4), the fetuses sustained the 
increased blood flow to the heart, brain and adrenal glands in the 
15 minutes flowing hemorrhage. Fetuses in both KET and STP 
groups showed a wide variation in response to induction and 
intubation. Following induction, fetuses in the STP group 
(N=5) had an increase in the heart rate which was not seen in the 
other group. Further, there was a sustained increase in 
myocardial and adrenal blood flow, but not cerebral blood flow, 
in the period after induction. Two fetuses in the KET group 
experienced cardiovascular and metabolic collapse following 
induction while the other three maintained increased organ blood 
flows. There were fetuses in all groups which demonstrated a 
progressive decline in fetal pH and hemodynamic values after 
hemorrhage. This deterioration correlated with low maternal 
arterial pressures. The control animals consistent response to 
hemorrhage (increased organ and brain blood flow) was in 
marked contrast to the variation seen after induction of 
anesthesia with STP and KET. 


Discussion, Our results document that a maternal 
hemorrhagic stress produces alterations in fetal regional blood 
flow and acid-base status similar to those produced by placental 
insufficiency or maternal hypoxia. The increased blood flow to 
the brain and heart that occurs with hemorrhage may serve as a 
protective mechanism. Neither KET (13.2 mg/kg) nor STP (6.6 
mg/kg) maintains these changes as well as no anesthesia. KET 
does not appear to provide any clear benefit despite the 
traditional assumptions concerning shock and anesthesia. These 
preliminary data, however, do not allow for formal conclusions 
regarding the specific effects of STP or KET on the sheep fetus 
stressed by maternal hemorrhage. Additional investigation using 
this protocol is in progress and completion of this study will 
allow a more detailed presentation of organ and cerebral blood 
flow following anesthesia induction. 
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INTRODUCTION: Vecuronium is a nondepolarizing 
neuromuscular blocker with an intermediate dura- 
tion of action and minimal cumulative properties.? 
These features make it suitable for administration 
by continuous infusion. This study was undertaken 
to establish and compare the infusion rate of 
vecuronium for a 90% depression of evoked EMG in 
patients receiving either nitrous oxide and nar- 
cotic as their main anesthetic or isoflurane. 

METHODS: Following Institutional Review Board 
approval, informed consent was obtained from 19 
ASA Class I-III adult general surgical patients 
free of neuromuscular, hepatic or renal disease 
and scheduled for elective surgery estimated to 
Tequire at least 120 minutes of neuromuscular 
blockade. Patients were randomized into two 
groups to receive either nitrous oxide - fentanyl 
- isoflurane (0.5 - 1.5% inspired - Group I) or 
nitrous oxide - fentanyl [1 - 5 meg.kg.~*hr.7? - 
Group F) for the maintenance of general anesthe- 
sia. The unencumbered arm was immobilized and 
used for evoked EMG monitoring of neuromuscular 
transmission using a Puritan Bennett AB-100 
Anesthesia Brain MonitorR. For induction each 
patient received sodium thiopental 4 - 6 mg.kg~?. 
The EMG was then calibrated and a stable baseline 
obtained. A bolus dose of vecuronium 0.08 mg kg7? 
was administered and the trachea intubated when T] 
of the evoked EMG reached 10%. Spontaneous reco- 
very of neuromuscular blockade was allowed to 
occur until T} returned to 10% of control at 
which time an intravenous infusion of vecuronium 
(200 mcg.ml-*) was started. The initial infusion 
rate was l mcg.kg.~‘min~*. The infusion rate was 
then manually adjusted in order to maintain T] at 
10 + 2% of control. The infusion was stopped 20 
nins. prior to the anticipated completion of 
surgery. Antagonism of neuromuscular blockade was 
accomplished with neostigmine (and atropine) when 
sither T] or the Ta/t) ratio was less than 70% of 
jaseline. 

Comparison of infusion rates between groups 
was performed using analysis of variance. An 
average infusion rate was also calculated for each 
yatient by dividing the amount of vecuronium 
infused by the duration of the infusion. A com- 
yarison is reported as statistically significant 
if ps.05. Values are reported as the mean + stan- 
Jard deviation. 


RESULTS: The Ti was maintained at 10.8 + 4.1% 
in group F and 10.8 + 4.3% in Group I. The dura- 
zion of infusion in Group F was 157.6 + 57 minutes 
and in group I 135 + 82 minutes. There was a 
significant difference between infusion rates 
required to maintain 90% depression of evoked EMG 
in Group F aS compared to Group I (p=0.02). In 
iroup F there was a significant decrease in infu- 
sion rate with time (p=0.02). The average infu- 


sion rate in Group F was 57.2 + 13.8 meg.kg.~*hr.~! 
and 42.4 + 11.9 meg.kg.-*hr.-' in Group I (p<0.05). 
The infusion rates for Groups F and I with respect 
to time are shown in Figure 1. Figure 2 is the 
combined infusion rates for bota groups with the 
95% confidence intervals. 

All patients were readily reversed with 
neostigmine and atropine and no episodes of 
recurarization occurred. 

DISCUSSION: This study demonstrated that when 
an infusion of vecuronium is used in combination 
with isoflurane the infusion rate is 25% less than 
the infusion rate with a nitrous oxide-narcotic 
anesthetic. When a vecuronium infusion is used 
with fentanyl-nitrous oxide the infusion rate needs 
to be decreased with time. This suggests that 
vecuronium by continuous infusion shows cumulative 
properties. 


VECURONIUM CONTINUOUS INFUSION 
MEAN INFUSION RATE 
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INTRODUCTION Continuous measurement of mixed found that CO calculated from independently measured 


venous oxygen saturation (SvO2) is commonly used as a 
monitor in critically ill patients. It is thought in most 
situations to reflect the balance of delivered and consumed 
oxygen (DO2 and VO2) but is sometimes misleading (e.g. 
sepsis) and unable to predict either parameter with 
certainty.” The Fick equation describes, and recent 
experimental data supports a positive and perhaps linear 
correlation between por and VO2 in certain groups of 
critically ill patients.“ This would imply a relatively fixed 
oxygen extraction ratio and rather narrow range of SvO2 
values in these patients. Technologic advances now allow 
the continuous direct measurement of VO2 and arterial 
oxygen saturation (SaO2). We independently measured all 
components of the Fick equation simultaneously at regular 
intervals in heodynamically stable, post-operative patients 
who were mechanically ventilated in order to define their 
baseline variability and correlated changes between these 
variables in a clinical setting. 

METHODS Following approval by the Institutional Review 
Board, ten patients admitted to the surgery-anesthesiology 
intensive care unit following major abdominal or thoracic 
procedures were studied on fourteen separate occasions for 
periods of not less than 3 hours. All patients were 
mechanically ventilated and oxygen consumption was 
measured using an Engstrom Metabolic Computer in 
conjunction with an Erica ventilator and Eliza MC CO2 
analyzer (Gambro-Engstrom, Sweden). The equipment was 
initially tested in vitro using nitrogen dilution and 
methanol combustion to, validate VO2 and RQ 
measurements respectively.” We found VO2 measurements 
to be accurate (+/- 6%) with excellent reproducability 
(coefficient of variation = 2.7%). Arterial and mixed 
venous oxygen saturations were monitored using a pulse 
oximeter” (Neleor) and pulmonary artery catheter 
(American Edwards) respectively. Initial calibration of the 
oximetriec PA catheter as well as hourly hemoglobin (Hgb) 
determinations and accuracy checks of the oxygen 
saturation were performed using an IL 282 CO-oximeter 
(Instrument Laboratories). Recalibration of the oximetric 
PA catheter was performed for any drift greater than 2%. 
Cardiac output determinations were averaged from three 
measurements made by thermodilution technique (COtd) at 
end expiration (SAT 1 Oximeter/C.O. Computer, American 
Edwards). Coincident measurements of SaQ2, SvO2, COtd, 
and VO2 (mean value over 4 minutes) were made every 15 
minutes during the study period. DO2, oxygen extraction 
ratio (OER), and CO (COc) were calculated for each 
observation according to formulas outlined in Table 1. 
Correlations of variables were analyzed by simple linear 
regression. 

RESULTS The ten patients studied were comprised of 7 
men and 3 women with a mean age of 65.1 years (range 32- 
82) and mean weight of 83.8 kg. (range 65-111). Over 200 
discrete sets of data were collected representing greater 
than 50 hours of observation. Table 2 summarizes the 
measured and calculated data for all subjects. When each 
Fick variable was examined separately for its ability to 
trend COtd, VO2 exhibited a degree of correlation close to 
that of COtd (r=.78). 

DISCUSSION This study demonstrates the utility of 
continuously tracking the three determinants of CO as 
derived from the Fick equation. We, like Davies et. al.*, 


variables correlates well with COtd in a clinical setting 
(r=.84). It is important to note that we did not consider 
dissolved O2 in our COc. Its contribution to arterial 02 
content with paO2's maintained 150 would have 
averaged 3%. This relatively stable group of post- 
operative patients were found to exhibit a linear 
relationship between VO2 and COtd. While this may be 
partly due to the adequate cardiac reserve and intact 
microcirculation of these patients reflected in their 
hemodynamic stability, it suggests that VO2 may prove to 
be a useful continuous monitoring tool. It is worth noting 
that SvO2 correlated poorly with COtd. Finally, the 
relationship between VO2 and DO2 also appears to be 
linear in this group of post-operative ICU patients, adding 
to a growing list of disease entities including ARDS, 
COPD, gnd acute GI bleed in which this has been found to 
be true.” The independent manner in which each parameter 
was measured makes mathmetical coupling of data less 
likely to be responsible for this relationship. Whether this 
linearity signifies underlying tissue hypoxia or represents a 
normal exercise response of a healthy cardiovascular 
system to increased demands must still be clarified. Many 
investigators believe that reduced VO2 is a primary event 
in shock states with the degree of depression correlating 
with mortality. They argue that therapeutic intervention 
should be aimed at improving DO2 and hopefully VO2. If 
this is true, then continuous monitoring of VO2 may prove 
valuable in both understanding shock states and managing 
these patients. Hopefully, this study will serve as a 
starting point to investigate these relationship with direct, 
continuous measurements in classes of hemodynamically 
unstable patients. 
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Table 1 

DO=Ç0Otd x Hgb x SaO; x 13.4 
COC=V o, /((Sa03-SvO3) x Hgb x 13.4) 
OER=Vo?/D0, 


Table 2 

mean s.d. range r values 
DO2*(ml/min) 878 336 469-1998 .80(DO5-VO.) 
VO,(ml/min) 274 80 150-154 :78(COfd-VOp) 
COtd(1/min) 5.9 2.0 2.8-14.2 .84(COtd-CO,) 
CO,*/min) 62 2.1 


SvO2(%) 72.2 4.2 62-82  -.10(COtd-SvO,) 
$a0o(%) 98.7 1.8 93-100 
Hgb(g/di) 11.7 14 © 8.815 
OER* 30 06 = .20-.40 


* calculated 
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Introduction. The cephalad spread of 
epidural morphine (Duramorph) reportedly 
produces ADH release in non- pregnant 
subjects. No data are available in pregnant 
patients. We studied the effects of 
Duramorph on anterior and posterior 
pituitary function using plasma 
immunreactivity of ADH and beta-endorphin 
(B-E) in patients given Duramorph for 
postoperative analgesia following elective 
cesarean section under lumbar epidural 
anesthesia (LEA). 


Methods. The study was approved by the Humer 
Research Review Board.The patients gave 
informed consent. Following I.V. infusion cf 
1200 ml of crystalloid, LEA was induced to 
T4 level with lidocaine 2% with 1:200,000 
epinephrine. Group I ( n = 12 ) 

received 5 mg Duramorph immediately after 
delivery. Maternal venous blood samples were 
obtained before ,and at 0.5, 2, 4, 6 ane 
24 hours after Duramorph. In Group II (n = 
10 ) , Duramorph was administered 4 hours 
after delivery with postoperative analgesia 
being maintained during that time with 

0.25 % bupivacaine infusion. Measurements 
were made before ,and at 0.5 , 2, 4 hours 
after delivery and 0. 5,2, 4 and 24 
hours after Duramorph. Plasma ADH ,B -E, 
total morphine, and serum osmolarity were 
measured. No other medications were given 
during the study period . Two patients from 
each group were omitted from the study 
because of unusually high levels of ADH 
(200-300 fold increase) between 2 to 4 hours 
after delivery.The results from the 
remaining patients in the two groups were 
expressed as mean + SE and analyzed with 
analysis of variance (ANOVA), correlation 
and t - test . 

Results In both groups, plasma morphine 
levels peaked at 0.5 hour (Figs 1 and 
2).Plasma ADH did not significantly vary 
from the baseline at different time periods 
(Table 1). Group I: Plasma B-E showed a 
steady decline from the baseline values ovez 
the study period. (Fig 1). Group II: . A 
Significant 3-fold rise ( F =7.62 , p 0.05 
) in plasma B-E was observed at 0.5 hour 
after delivery, with subsequent steady 
decrease (Fig 2). Following Duramorph ,a 
further significant decrease occurred in B- 
E. In both groups, serum osmolarity did not 
correlate with ADH levels in the first 12 
hours.( Table ). Plasma ADH and B-E did not 
correlate significantly with each other in 
both groups. 

Discussion Data show that in some patients 
high ADH levels do occur following delivery 
regardless of Duramorph . The reason for 
this is unclear. The absence of a 
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significant rise of B-E in Group I suggests 
attenuation of stress by the high levels of 
serum morphine. The steady decline in B-E in 
both groups is probably related to loss of 
placental source. The lack of correlation 
between ADH and B-E levels suggests that the 
anterior and posterior hypophyses function 
independently of each other in the 
postoperative period. In summary, Duramorph 
administration does not cause a significant 
release of ADH or B-E but it does prevent 
the significant rise in B-E that occurs 
following delivery. 


Table 
Group I Time (hours) 
0.5 2 4 6 24 


ADH as percentage of baseline 


92 100 109 130 203 
(7) (24) (22) (30) (63) 
Group II Time (Hours) 
0.5 2 4 0.5 2 4 24 


ADH as percentage of baseline 


172 146 147 229 111 168 85 
(56) (51) (46) (146) (25) (85) (22) 


Osmolarity mosm/L 


284 280 276 272 276 288 268 
(3) (2) (3) (2) (3) (8) (5) 


ADH values did not differ from the baseline 
values in both groups (ANOVA). 
4» 





2 4 6 is 
TIME (HOURS) 


GROUP IT 








24 


2 42 2 
TIME (HOURS) 


* - different from the baseline 
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Introduction. Previous studies (1-3) have 
described the effects of regional anesthesia 
on the acid-base status of infants born of 
diabetic mothers. These studies used 
excessive glucose infusion before delivery 
and/or failed to report glucose (G) or other 
indices of aerobic and anaerobic G 
metabolism such as lactate (L), pyruvate 
(P), L/P ratio and excess lactate (XL). Our 
study reports these indices in diabetic 
patients undergoing cesarean section (CS) 
under lumbar epidural anesthesia (LEA) with 
2% lidocaine. 


Methods. The study was approved by the 
local review board and patients gave 
informed consent. The study group included 
10 healthy and 10 diabetic patients; Two 
patients had Class B diabetes, two Class C, 
three Class R and three Class F. Diabetic 
patients received regular and NPH insulin 
until the night before surgery. On the 
norning of surgery, patients were given an 
insulin infusion at 1 U/hour with glucose 
5G/hour. Blood G levels were measured with 
a portable glucometer (Chemstrip) and the 
infusion adjusted to maintain a blood G 
level of <120 mg/dL. Blood sugar levels > 
150 mg% was treated with 2 U of i.v. insulin 
bolus. Ringers lactate 1500 ml was used for 
prehydration before LEA. The following were 
measured at delivery 1): Blood gas tensions 
and pH in maternal artery (MA), umbilical 
vein (UV) and artery (UA), 2) D-glucose, L, 
and P (Spectrophotometric enzyme assay). XL, 
an index of anaerobic metabolism and base 
excess (BE) were calculated. Results were 
expressed as mean + SE and analyzed using t~- 
test. 


Results. The maternal glucometer value was 
20% lower than the value obtained by the 
direct enzymatic method. One patient from 
each group required 5 mg ephedrine for 
hypotension. Apgar scores were similar in 
the two groups. Blood G in MV, UV and UA in 
the diabetic group were significantly higher 
than the corresponding value in the normal 
group. No other significant differences were 
noted between the two groups in any of the 
other indices of anaerobic metabolism. Four 
neonates from the diabetic group developed 
hypoglycemia (G < 20mg%) in the postpartum 
period. 


Discussion. Data show that epidural 
anesthesia is not associated with lactic 
acidosis in infants born of well-controlled 
diabetic mothers. The absence of significant 
difference in the UV L or P in the two 
groups of patients suggests a normal 
Placental processing of the glucose 
substrate in diabetic pregnancies. The high 
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UV G is probably caused by the failure of 
maternal insulin therapy to affect fetal G 
levels acutely. The high UV G level at birth 
may also explain the high incidence of 
neonatal hypoglycemia. 


Table 1: Glucose metabolisn 
Maternal Vein 
G L P L/P XL 
Normal 104 1.48 0.1 17 0.5 
(4), (0.1) (0.01) (1) (0.1) 
Diabetes 132 1.59 0.07 32 0.9 
(10) (0.4) (0.02) (5) (0.3) 
Umbilical Vein 
Normal 88 1.45 0.08 22 0.7 
(3), (0.1) (0.01) (1) (0.1) 
Diabetes 143 1.2 0.07 20 0.5 
(10) (0.15) (0.01) (3) (0.15) 
Umbilica] Artery 
Normal 77 1.53 0.08 21 0.7 
(3), (0.1) (0.01) (1) (0.1) 
Diabetes 97 1.2 0.06 32 0.6 
(10) (0.2) (0.01) (12) (0.17) 
Table 2: Blood Gases 
Maternal Artery 
P02 PCO? pH BE 
Normal 238 29 7.42 -6 
(7) (1) (0.1) (0.3) 
Diabetes 230 29 7.44 -5 
(7) (1) (0.1) (0.3) 
Umbilical Vein 
Normal 32 40 7.35 -3.5 
(1) (2) (0.01) (0.3) 
Diabetes 29 43 7.36 -1 
(2.3) (2) (0.01) (0.4) 
Umbilical Artery 
Normal 20 48 7.3 -3 
(1) (1) (0.01) (0.3) 
Diabetes 21 50 7.32 -1 
(3) (3.5) (0.02) (0.6) 


Glucose in mg%; L, P, XL, BE are in mmol/L; 
*-Significantly different from normal. 


References. 
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Fetal distress is one of the common indications 
for emergency cesarean section (CS). In a recent 
study, Marx et al have shown that regional anesthe- 
sia can be safely used for emergency CS for fetal 
distress. The purpose of this report is to compare 
the neonatal outcome following emergency CS under 
epidural (EPID) vs general (GA) anesthesia in 
various types of abnormal fetal heartrate (FHR) 
patterns clinically considered as fetal distress. 


Methods ~ Emergency CS for fetal distress was 
performed in 443 patients from January 1984 ~- July 
1986. GA was administered in 322 patients and EPID 
in 121 patients. The umbilical venous pH (UV pH) 
values were available in all patients and both 
scalp pH and UV pH were obtained in 101 patients. 
The charts of these 101 patients were reviewed and 
grouped according to the FER patterns; Group I 
(n=46) severe persistent bradycardia with FHR < 90 
lasting for 10 min. or more. Group II (n=27) - 
persistent late decelerations. Group III (n=21) 
severe repetitive variable decelerations with FHR 
<70 lasting for more than 90 seconds. Group IV 
(n=7) - loss of beat-to-beat variability. 67 


patients received GA and 34 received EPID anesthesie 


in this group. Patients who received EPID had 
epidural catheters already in place for labor 
analgesia. For emergency CS, the extension of EPID 
was begun in the labor room with 20-26 ml of 3% 
2-chloroprocaine while the patients were being 
rapidly hydrated with Lactated Ringer's solution. 
Left uterine displacement was maintained and all 
mothers breathed oxygen through face masks. In the 
GA group, anesthesia was induced with penothal 

4 mg/kg and succinylcholine 1 mg/kg. Endotracheal 
intubation was performed. ‘Iricoid pressure was 
maintained until the correct placement of the 
tracheal tube was verified by auscultation of the 
lungs and by end-tidal CO, monitoring. The ID and 
UD intervals, skin incision to delivery interval 
(SD interval) Apgar scores, UV pH and blood gases 
and the number of neonatal ICU admissions were 
noted. The incidence of maternal complications due 
to rapid extension of the EPID such as hypotension, 
intravascular injection, total spinal anesthesia 
due to inadvertant subarchnoid injection, inade- 
quate block, and post operative maternal complica- 
tions were noted. Statistical analysis was 
performed by 't' test ANOVA and Chi-square 
analysis. 


Results — In the four groups in whom both scalp 
pH and UV pH were available, there were no signifi- 
cant differences in the Apgar scores, scalp pH, 

UV pH, blood gases, NICU admissions, UD intervals 
and SD intervals. The ID intervals were signifi- 
cantly prolonged in the EPID groups (p<0.01) 

(see tables) as the induction was begun in the 
labor room as soon as the decision to perform CS 
was made. The mean UV pH values were signifi- 
cantly higher than the respective mean scalp pH 
values (p<0.01, p<0.03) (see tables) in all groups 
irrespective of the anesthetic technique and the 
abnormal FHR patterns. However, 97% of babies in 
the EPID group compared to 79% in the GA group had 


higher UV pH than the respective scalp pH values. 
There were no significant differences in the 
incidence of hypotension, blood loss or the total 5% 
amount of fluids administered during the procedures 
between EPID and GA groups. No major complications 
related to epidural anesthesia such as unintentional 
intravascular or subarchnoid injection of local 
anesthetics occurred in any of the patients in the 
EPID grovp. Minor complications such as backache 
and soreness at the site of epidural insertion were 
present in six patients in the post operative peated: 


Conclusions - For emergency CS for fetal distress, 
in those parturients in whom epidural catheters are 
already in place for labor analgesia, rapid extersion 
of the epidural anesthesia does not adversely affect 
the neonatal outcome regardless of the type of 
abnormal fetal heart rate pattern. 


Tables l and 2 - Comparison of scalp pH, UV pH, 
ID intervals and Apgar scores between EPID and GA 


groups. 
Table 1 
Group I- Group II 
(Bradycardia) (Late deceleration) 
EPID GA EPID GA 
(n=17) (n=29) (.=10) (n=17) 
Scalp pH 7.19+0.07  7.16+0.13 7.2 + 0.06 7.17 + 0.09 
UV pH 7.26 + 0.06" 7.21+0.13* 727 + 0.03 722 +01 
ID interval (min.) 12.44 38* 6.0 + 2.6 16.0 + 3.1* 64 + 3.02 
Apgar 1 7.3421 6.0 + 2.7 7.0+2.7 4.9 + 2.8 
Apgar 5 8.5 + 0.8 8.1414 8440.7 6.9 + 2.8 
*p001 
**D:0.03 S 
Table 2 
Group III Group IV 
(Severe Variables) (Loss of seat-to-beat variability) 
EPID GA EPID GA 
(n=9) (n=12) (n=2 (n=5) 
Scalp pH 7.19 + 0.03 7.174005 7.214002 7.09 +0.09 
UV pH 7.26+0.1%* 7.26 + 0.06% 7.33 +0.01 7.20+0.08* 
ID Interval (min.) 10.4 + 3.1* 64+11 11.3 + 2.0" 5.5423 
Apgar 1 7.0424 5523.1 6.9415 3.0435 
Apgar 5 8.2 + 0.7 8.0+ 15 9.9 + 0.07 5.5 + 3.3 
~+ 
*p0.01 
**D<0.05 


References - Marx GP, Luykx Wm, Cohens: Fetal- 
neonatal status following cesarean section for fetal 
distress. Br. J. Anaesth 1984, 56: 1009-13. 
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Introduction - Labetalol is an antihypertensive 
agent possessing a selective post synaptic alpha and 
non-selective beta adrenoceptor blocking actions. 

In addition, it has an intrinsic beta receptor 
agonistic activity. A recent study using radio- 
active indium clearance has shown that in preeclamp- 
tic women labetalol reduces maternal blood pressure 
without diminishing the uteroplacental blood flow.! 
The purpose of this study was to investigate the 
effectiveness of labetalol in attenuating the mean 
arterial pressure (MAP) and heart rate (HR) 
increases following laryngoscopy and intubation in 
preeclamptic women during cesarean section (CS). 


Methods - The study group consisted of 20 pre- 
eclamptic women scheduled to undergo cs 
under general anesthesia. The study was approved by 
the Review Board and informed consent was obtained 
from each patient. The patients were randomly 
assigned to either the labetalol pre-treatment group 
or the control group who did not receive any prophy- 
lactic antihypertensive therapy. All patients 
received 6 g magnesium sulfate as a loading dose 
followed by an infusion of 1-2 g/hr. The blood 
pressure was monitored every minute using an auto- 
matic blood pressure cuff (Dinamap). In addition, 
the ECG, end-tidal CO, and 05 saturation were contin- 
uously monitored. Following’ preoxygention, anesthe- 
sia was induced with pentothal 4 mg/kg and 
succinylcholine 1 mg/kg and endotracheal intubation 
was performed. Cricoid pressure was applied from the 
start of induction and maintained until the correct 
placement of the endotracheal tube was verified by 
auscultation of the lungs and end-tidal CO, monitor- 
ing. Anesthesia was maintained using N20-6, (50:50) 
mixture and 0.5% isoflurane until the delivery of the 
baby. In the labetalol group, before induction of 
anesthesia, 20 mg of labetalol was administered 
intravenously as a bolus followed by 10 mg increments 
every 2 min. to either lower the diastolic blood 
pressure below 100 torr or the MAP by 20% from base- 
line values. A maximum total dose of 1 mg/kg over 
10 min. period was not exceeded in any patient’ irre- 
spective of the decrease in the MAP or diastolic BP. 
The MAP and HR were recorded before (baseline) and 
after pretreatment (Induction) with labetalol and 
at 2, 4, 6, 8 and 10 min. after endotracheal intuba- 
tion. Similar measurements were made in the control 
group. At delivery, the Apgar scores, umbilical 
arterial and venous pH and blood gas values, induc- 
tian-delivery intervals, uterine incision delivery 
intervals, blood loss and total amount of fluids 
administered were noted. The data were analysed by 
student's 't' test and ANOVA and p<0.05 was con- 
sidered statistically significant. All values are 
expressed as mean + SEM. 


Results - The patients in the two groups were 
similar in age, height, weight, parity and gesta- 
tional age. The baseline MAP and HR were similar in 
the two groups. Labetalol significantly lowered the 
MAP from 125 + 1.6 (SEM) to 112.4 + 2.2 torr before 
induction (p<0.001) and the HR from 116.4 + 2.3 to 
96.4 + 2.3 (p<0.001). After intubation, the MAP’ 
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increased significantly in both groups. In the 
labetalol group this maximum increase in MAP at 2 
min. after intubation was 118.4 + 2.3 torr (p«0.05) 
whereas in the control group the MAP increased from 
126.9 + 3.09 to 140.5 + 4.0 torr (p<0.0001) after 
intubation (See Fig. 1). The difference in the 
maximum increase in MAP between the two groups was 
significant, (p<0.0001) (Fig. 1). The maternal HR 
also increased after intubation in both groups. In 
the labetalol group the HR increased from 96.4 + 2.3 
to 101.5 + 2.4 which was not significant whereas in 
the control group there was significant increase in 
the HR from a baseline value of 106.8 + 3.7 to 

126.8 + 5.2 (p<0.0001) after intubation. Ten minutes 
after intubation, the MAP and HR were still signifi- 
cantly higher (p<0.006 & p¢0.0001) in the control 
group compared to labetalol group. The Apgar scores, 
umbilical arterial and venous pH and blood gases ` 
were similar in the two groups. There was no hypo- 
tension, bradycardia or hypoglycemia in the neonates 
in the labetalol treatment group and none of the 
babies required special care. 


Discussion/Conclusion - The results indicate that 
in this group of preeclamptic women, pretreatment 
with labetalol caused significant attenuation of 
hypertensive response and tachycardia associated with 
laryngoscopy and intubation. No adverse maternal or 
neonatal effects were noted. 


Fig. 1 - Changes in the MAP in the labetalol treat- 
ment group and control group (mean + SEM) 





e Labetalol group 
© Untreated group 


Mean Arterial Pressure (mmHg) 
N 
ua 


BASE INDUCTION 2 4 6 8 10 
LINE min min min min min 


Reference - 1) Nylund L, Lunell N.O., 
Lewander R. et al. Labetalol for the treatment of 
hypertension in pregnancy. Pharmacokinetics and 
effects on uteroplacental blood flow. Acts obstect 
gynecol Scand (suppl 118): 71, 1984. 
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Introduction. Adverse psychological effects 
associated with ketamine anesthesia continue to rest- 
rict its use and wider acceptance. Midazolam, a 
water soluble, short acting benzodiazepine, has been 
shown to be effective in reducing the incidence of 
these psychologic effects o7 intravenous ketamine (1. 
The current investigation was undertaken to study the 
effect of varying the dose of midazolam on the incid- 
ence of adverse psychological reactions of ketamine 
anesthesia. 


Patients & Methods. The study was approved by 
the ethical committee of the hospital and informed 
consent was obtained from the patients. One hundred 
and twenty unpremedicated healthy women (ASA physical 
status I or II, ages 25-58 yrs) undergoing minor 
gynaecologic surgery under general anesthesia were 
included in the study. Patients with hypertensive, 
coronary artery or cerebrovascular disease, those on 
concurrent drug therapy or with a history of psychi- 
atric disorders were excluded. The patients were 
randomly allocated to one of four groups. Group I 
received 50 mcg/kg, group I1 75 mcg/kg, group III 
100 mcg/kg and group IV 125 mcg/kg of midazolam 
intravenously via an indwelling cannula placed in a 
superficial vein on the dorsum of the hand. Three 
minutes after the administration of midazolam genera] 
anesthesia was induced with intravenous ketamine 
(2 mg/kg) and maintained with 66% nitrous oxide in 
oxygen administered using a semi-closed, non-rebreath- 
ing Mapleson A circuit. Spontaneous respiration was 
maintained throughout and increments of ketamine 
(10 mg) were given intravenously during the procedur2 
as judged necessary by the anesthesiologist. Vital 
signs were monitored throughout the procedure. Post- 
operatively vital signs and the incidence of various 
psychomotor phenomena were recorded by experienced 
recovery staff who were not aware of the dose of 
midazolam used. Six to eight hours later a psycho- 
logical assessment of the patients was performed by 
one of the investigators who was unaware of the dose 
of midazolam used. For the purpose of this study any 
psychological experience which was identified as 
having occurred during the time when the patient was 
asleep was classed as a dream. Other psychological 
phenomena which the patients experienced during or 
after recovery were carefully recorded. The follow- 
ing definitions were used for evaluation and class- 
ification of the patients? psychological experiences: 

i) Perceptive disorders: 

a) Hallucination: a disorder involving either 
visual, auditory or tactile senses and chara- 
cterised by sensory perceptions in the absence 
of an external stimulus. 

b) Delirium: presence of disorientation, increas- 
ed arousal, restlessness and agitation accomp- 
anied by visual or tactile hallucinations. 

c) Confusion: disorientation in time, space or 
person. 

ii) Affective disorders: 

a) Depression: an expression of sadness, grief, 
Sorrow, dejection or misery. 

b) Anxiety: a reaction characterised by a feeling 
of excessive subjective apprehension. 

c) Fear: similar to (b) but with a recognisable 
source of danger. 


. Nottingham NGS 1PB, U.K. 


Parametric and non-parametric date were analysed for 
statistical significance using ancva and chi-square 
tests respectively. Results were considered signif- 
icant at P<0.05. 


Resu'ts. The four groups in the study were comp- 
arable in terms of age and weight (Table 1). There was 
no statistically significant difference between the 
groups in the incidence of affective disorders, 
induction dose, the total dose of ketamine receiyed 
and the duration of anesthesia (Tables 1 and 2). The 
incidence of perceptive disorders was significant]y 
lower in group IV when compared with the other three 
groups (Table 2). None of the patients in group IV 
experienced hallucinations or delirium. Only one 
patient in this group experienced dreaming. 


Discussion. This study suggests that midazolam 
125 mcg/kg administered intravenously three minutes 
prior to induction of anesthesia with ketamine may be 
useful in significantly decreasing the incidence of 
perceptive disorders in patients who are at risk of 
developing these adverse effects. 


Reference. 
1. Cartwright PD and Pingel SM. Midazolam and 
tara in ketamine anaesthesia. Anaesthesia 1984; 


TABLE 1 (mean £ sp) 
Group I Group II Group III Group IV 
(n=30)  (n=30)  (n=30) (n=30) 


Age (years) 25.3 26.3 27.1 31.4 

(9.2) (10.6) (8.4) (10.4) 
Weight (kg) 58.4 59.2 62.0 62.1 

(8.7) (10.3) (13.5) (13.9) 
Ketamine 116.8 118.3 124.0 124.0 
(induction dose, mg) (16.9) (20.5) (26.5) (28.0) 
Ketamine 167.2 158.7 164.3 153.0 
(total dose, mg) (31.8) (32.8) (29.8) (48.7) 
Duration of Anesthesia 7.9 7.4 7.4 7.5 
(minutes) (2.4) (2.3) (2.3) (2.6) 


TABLE 2 Nuber of patients with incidence of adverse 
psychological affects. 


Group I Group II Group III Group IV 
(n=30) (n=30) (n=30) (n=30) 
PERCEPTIVE 
DISORDEFS 18 (60.0%) 13 (43.3%) 14 (46.7%) 4 (13.3%)* 
Dreans 6 (20%) 4 (13.3%) 7 (23.3%) 1 (3.3%) 
Hallucination 4 (13.3%) 2 (6.7%) 1 (3.34) 0 (0%) 
Deliriun 2 (6.7%) 5 (16.7%) 1 (3.3%) 0 (0%) 
Confusion 6 (20%) 2 (6.7%) 5 (16.7%) 3 (10%) 
AFFECTIVE 
DISORDEFS 9 (30%) 7 (23.3%) 3 (30%) 10 (33.3%) 
Anxiety 6 (20%) 3 (10%) 3 (10%) 4 (13.3%) 
Depression 2 (6.7%) 2 (6.7%) 5 (16.7%) 3 (10.) 
Fear 1 (3.3%) 2 (6.7%) 1 (3.3%) 3 (10%) 


*Differed significantly from groups I, IT & III (p = 0.0025) 


A> 
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In ion 1653 (CF,H-O-CFH-CF,) is a new volatile anesthetic Discussion The depression of the EEG produced by 1653 appears to 

structurally similar to isoflurane and enflurane. Because enflurane has closely match the depression seen with equipotent concentrations of isoflu- 

the potential to cause convulsions whereas isoflurane does not, we com- rane. With isoflurane, this suppression of EEG activity is associated with 

pared the electroencephalographic activity during anesthesia with 1653, a substantial decrease in metabolic requirements of the brain and a possible 

isoflurane and enflurane. cerebroprotective effect. One may anticipate similar findings with 1653. 
Finally, the low blood solubility of 1653, combined with a clear marker of 

Methods Five juvenile female domestic swine were studied after anesthetic effect in the dose range of clinical interest (burst suppression 

approval of the experimental protocol by the University of California ratio), make 1653 an attractive agent for an automated, closed loop 

Committee on Animal Research. The average weight was 16kg. Fasted anesthetic delivery system. 

animals (H,O allowed ad libitum) were acclimatized to restraint in a . . 

padded sling for at least 30 min. Five platinum needles were placed in % Time Burst Suppression Ratio 

the scalp to obtain the EEG signals. When the animal appeared relaxed, 

baseline recordings were made of two channels of EEG. EEG data was 100 

digitized by a Cerebrotrac™ spectral analyzer and transferred to a 

Macintosh™ computer for quantitative analysis. Each animal was 80 BS-F 

studied with both 1653 and isoflurane (sequence prospectively random- fon 

ized) in separate trials at least 3 days apart. Enflurane was given to two 60 Ed BS-1653 

animals on separate occasions. Anesthesia was induced with the agent 

10 be studied. Laryngoscopy and tracheal intubation were facilitated 

with succinylcholine 2.0 mg/kg iv. Mechanical ventilation was initiated 40 

with a tidal volume of 20 cc/kg and ventilatory rate adjusted to maintain 

normocarbia. Normothermia was maintained. Three concentrations of 20 

agent (approximately 1, 1.5, and 2 MAC) were administered in random 

sequence. Following stable end tidal concentration for 15 min, 4 - 5 min 0 : 

of EEG were digitized and recorded. The EEG response, if any, to 50 Awake 1.0MAC 1.5MAC 2.0MAC 


loud hand claps at one s intervals was also recorded. At 1.5MAC, the 
effects of hypocapnea on CNS activity was assessed by decreasing the 
P,,CO, to 20-25 mmHg. Quantitative EEG parameters were collected 
and averaged for 1 min intervals at each dose and compared with 


Average EEG Amplitude 


RMS-For 
RMS-1653 


RMS 
70 







Analysis of Variance. 60 

Results 1653 and isoflurane produced quantitative EEG values which 50 

were statistically indistingishable from each other at equipotent MAC 

concentrations. Burst Suppression Ratio (Percentage of time per 4 s 40 

epoch spent in suppression where suppression was defined as an interval 

the EEG was < 5.0 pVolts for at least 240 ms)began to increase just 30 

below 1.5 MAC with both agents and isoelectricity was nearly complete 20 

at 2.0 MAC (Figurela). The Root Mean Square amplitude (RMS or 

Average EEG Amplitude) peaked at 1.0 MAC and declined with in- 10 

creasing concentrations of both agents (Figure 1b). As predicted by the A] A 
anatomy of the porcine skull, the occipital amplitudes were about one 0 f 

half the amplitudes from the frontal lead. The Zero Crossing Frequency Awake 1.0MAC 1.5MAC 2.0 MAC 
(the rate at rate the voltage crossed zero) declined with increasing con- s 

centrations of either agent from an awake baseline (Figure 1c). In the Hz Zero Crossing Frequency 

range between awake and 1.5 MAC of either agents, the Median Power 14 






Frequency(MPF), Spectral Edge Frequency(SEF), and NinetyFifth 
Percentile (F95) all declined with increasing doses. Spectral parameters 
(MPF, SEF,F95) did not perform well during periods of extensive burst 10 
suppression because they continued to track the frequency content ofthe 

burst activity, ignoring the predominant quiescent periods. The Theta 8 
Ratio parameter decreased at 1.0 MAC to about one half its awake 

baseline, and thereafter rose with increasing concentration. The relative 6 
contribution of alpha and beta power (rA) did not change significantly 4 
with changing concentrations of either agent. EEG parameters during 
hypocapnea at 1.5 MAC were not statistically different than during 
normocapnea, although there was a suggestion of an increase in SEF and 
TA during hypocapnea. Auditory stimuli were never noted to induce 0 
either epileptiform activity or gross motor seizures during anesthesia Awake 1.0MAC 1.5 MAC 2.0 MAC 

with 1653 or isoflurane. Both animals exposed to 3.2% enflurane seized Figure 1 a,b,c. Dose Response of the EEG to 1653 or isoflurane. Error 
during hyperventilation. bars represent standard deviations 


ZXF-For 
EJ ZXF-1653 
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Introduction Physiciars trained since WWI have 
been taught that the Trendelenburg position (TP) 
and the passive leg raising position (PLR) increase 
venous return and augment cardiac output. However, 
previous studies of the effects of TP ang PLR on 
cardiac performance are cortroversial. °’ TP and 
PLR are not necessarily berign. TP reduces 
pulmonary compliance, increases intracranial 
pressure and increases the risk of.passive 
regurgitation of gastric ccntents. In order to 
justify the use of TP and FLR, it is necessary to 
document that they are efficacious. Therefore, we 
studied the effects of TP and PLR on cardiac 
performance. 

Methods Eighteen patients with coronary artery 
disease were studied. The study was approved by 
the institutional research administration committee 
and all patients gave written informed consent. No 
patient had valvular dysfunction. A radial arterial 
catheter and a rapid-response thermistor pulmonary 
arterial catheter were placed. Patients were 
anesthetized with fentanyl 50-75 mcg/kg, 
pancuronium 0.1 mg/kg, and oxygen 100%; After 
endotracheal intubation, a Diasonics 3.5 MHz 2-D 
transesophageal echocardiography (TEE) probe was 
introduced. The probe was positioned to obtain a 
short-axis view of the left ventricle at the level 
of the mid-papillary muscles with a maximal 
circular shape. The patients were studied at 3 
points in a random sequence: level-supine, 3 
ninutes of 60 degrees PLR, and at 3 minutes of 20 
jlegrees TP. At each study point, the TEE probe was 
repositioned to obtain the equivalent short-axis 
riew, and the transducers were adjusted to the . 
level of the right atrium. Cardiac outputs (CO) 
and right ventricular ejection fraction (RVEF), 
2nd-systolic volume (RVESV), and end-diastolic 
rolume (RVEDV) were defgymined by thermodilution 
technique and an REF-1 American Edwards 
computer. These measurements were taken in 
triplicate and averaged. Arterial and mixed venous 
ylood samples were obtained at each study point in 
order to calculate Q /Q.. The TEE ingges were 
analyzed using a dedfcated Diasonics computer. 

\ single blinded observer traced 4 consecutive left 
rentricular end-diastolic area (LVEDA) and end- 
systolic area (LVESA) tracings on an activated grid 
system. Significance was tested by repeated- 
neasures ANOVA. Significance was defined as 

>< 0.05. 

Results TP caused significant decreases in HR 
(5.8%) and RVEF (97), and significant increases in 
MAP (5.7%), PAP (17.3%), PCWP (16.5%), CO (72), 


RVESV (22.5%), RVEDV (16.6%) and Q /Q, (12.52). 
CVP, LVEDA, LVESA, and LVEF did nof change. PLR 
resulted in significant decreases in HR (7.5%) and 
RVEF (15%), and significant increases in MAP 
(6.82), PAP (18.6%), PCWP (20.4%), RVESV (21.72), 
RVEDV (13.3%) and Q /Q_ (18.8%). CVP, CO, LVEDA, 
LVESA and LVEF did fot change. Pertinent data are 
summarized in the table. 

Discussion Previous studies on the effects of 
TP and PLR have not yielded consistent evidence of 
improved cardiac performance. In our study we have 
demonstrated that TP causes only a slight increase 
in MAP and CO, and that PLR only raises MAP without 
an increase in C.0. Despite these beneficial /? 
effects, there is a considerable cost associated 
with TP and PLR. The elevations in RVESV, RVEDV, 
and PAP and the drop in RVEF suggest that PLR and 
TP tax the right ventricle. Additionally, as 
demonstrated by the increase in Q /Q,_, pulmonary 
function deteriorates in both PLR and TP. Thus it 
appears that though TP and PLR very slightly 
improve cardiac performance, in patients with 
pulmonary disease and/or right ventricular 
compromise these maneuvers should be undertaken 
with caution. 
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a 


Table Means + S.D. n= 18 *p<«0.05 


LEVEL PLR TP 
HR 6229 57294 5829 
MAP 77411 83212* 82+11* 
PAP 1644 1945% 19+6* 
PCWP 1124 14£5% 1345 

co 4.2441.4 4.2641.3 4.5341.7% 
RVESV 79437 116244% 105+37* 
RVEDV 149444 191450 183+40* 
RVEF(Z) 48411 409% 43+10% 


Q_/Q D.1640.06 0.1920.06* 0.1840.06* 
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Introduction. There is considerable debate 
concerning the protective effect of verapamil on the 
physiologic and metabolic function of post-ischemic 
kidneys (1,2). Much of the difference May center 
arouné the various models of ischemia and the 
anesthetic drugs used during the experiments. To 
induce renal ischemia, we have cross-clamped the 
renal arteries and veins of anesthetized rabbits. 
We have then investigated the effects of verapamil 
pre-treatment on post-ischemic renal function. 


Methods. Rabbits (3-4 kg) were anesthetized 
with ketamine (40 mg/kg) IM. After an intravenous 
catheter was placed, a tracheostomy was performed 
with 1% lidocaine local anesthesia. The animal was 
ventilated with 100% oxygen utilizing a Harvard 
small animal ventilator to maintain normocarbia. 
Normal saline was administered at a constant rate of 
50 mi/kg/hr. Anesthesia was maintained with fentanyl 
(70 ug/kg) and vecuronium (0.5 mg/kg). A left 
femoral arterial line was placed by cutdown. After 
laparotomy, the left renal artery and vein, along 
with the left ureter, were dissected. Five minutes 
prior to renal artery and vein clamping, heparin 
(200 U/kg) or heparin and verapamil (0.1 mg/kg) were 
infused. After thirty minutes of ischemia, the 
cross-clamp was removed and a one hour period of 
reperfusion was allowed before function studies were 
started. During this period, the ureter was 
cannulated. 

Rabbits were divided into three groups: Group 
l were controls and underwent laparotomy but no 
ischemia; Group 2 underwent 30 minutes of ischemia 
with no verapamil pre-treatment; and Group 3 
underwent 30 minutes of ischemia with verapamil 
pre-treatment. Rabbits in each group were then 
randomly placed in either the physiologic or 
metabolic subset. The rabbits in the physiologic 
group were studied for one hour after the 
equilibration period. Every ten minutes urine was 
collected and analyzed for creatinine and sodium 
concentration. Serum creatinine and sodium were 
also determined. From this data, creatinine 
clearance and sodium reabsorption were calculated. 
The kidneys in the metabolic subgroup were analyzed 
for ATP concentration and for state 3 and state 4 
mitochondrial oxygen consumption which was 
determined using pyruvate and malate as the 
substrates for oxidation. 

Results are reported as mean + SEM. 
Statistical analysis was performed using the paired 
t-test and significance was noted for p < 0.05. 


Results. Table 1 shows the physiologic 
function of control kidneys, and kidneys subjected 
to 30 minutes of ischemia, with and without 
verapamil pre-treatment. The decrease in creatinine 
clearance and sodium reabsorption in ischemic 
kidneys as compared to controls is consistent with 
previous work. The creatinine clearance and sodium 
reabsorption in the verapamil treated kidneys were 
Statistically lower than the non-treated ischemic 


kidneys. The mean arterial pressure was not 
different between any of the groups. 

State 3 respiration was reduced in the ischemic 
kidneys as compared to controls. With the addition 
of verapamil, state 3 respiration was further 
reduced. The respiratory control ratios were not 
decreased in the verapamil treated kidneys because 
of the concomitant decrease in state 4 respiration. 

The concentration of ATP was decreased about 
40% from control levels in ischemic kidneys. This 
decrease, however, was not seen in the presence of 
verapanil. 


Discussion. In this set of experiments, we 
have attempted to duplicate the anesthetic technique 
often used in humans during emergency surgery when 
renal cross-clamping may occur. In our study, 
verapamil was aot protective of post-ischemic renal 
function, and in fact, further decreased the 
viability of these organs. The reduced function of 
the mitochondria suggests a possible mechanism for 
the decrease in renal function. 

Why does our data conflict with that previously 
published? The protective effect of verapamil, as 
shown by a nunber of investigators, may be due to 
the norepinephrine model that they used to induce 
renal ischemia. We have used a cross-clamp to 
render the organs ischemic. Also, the barbiturate 
anesthetic universally used in other studies may 
Possibly be protective to post-ischemic renal 
function. 

In summary, our study indicates that verapamil 
does not provide protection of post-ischemic renal 
function in a model in which ischemia is induced by 
cross-clamping. 
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1983. Table 1 
Control 30 min Isch 30 min Isch + Ver 

Creat Clear 564 + 139 384 + 72.0 241 + 47,38 
(ul /ain/g) 
Na Reabsorp 94.9+1.9 67.5 +10.7 46.9 + 5.38 
(3) 
Urine Output 17.0 + 4.7 106 + 18.3 135 + 30.7 
(ul/min/g) 
State 3 Resp 36.4 + 4.5 22.0 + 3.1 10.3 + .5# 
(Comoles/min/ug) 
State 4 Reap 8.8 + 1.4 5.0 + 1.0 2.7 + .2 
(nmoles/min/mg) 
RCR 4.4 + 85 4.5 + 47 3.8 + 24 
ATP 1.04 + .06 0.60 + .08 0.93 + .15 


(nmoles/g wet weight) 


* denotes significance at p < 0.05 different than the 30 minute 
ischemic group 
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Tntroduction. The respiratory depressant action c 
morphine (M) is well documented (1). M is rapidy 
conjugated in vivo to the extent that the free basa 
represents only 10-20% of the total plasma concentration 
of M plus its conjugates at 1h following its administration 
(2). Morphine-3-glucuronide (M-3-G) represents the major 
metabclite of M with morphine-6-glucuronide (M-6-@ 
being present in considerably smaller concentrations (27. 
Little is known about the ventilatory effects of morphin2 
conjugates. Furthermore, there is limited information 
regarding the blood-brain barrier penetration of M-3-G ani 
M-6-G (3). This is an important consideration since it is 
generally accepted that M acts at intracerebral 
(principally brain stem) sites to produce ventilatory 
depression (1). In the present study, using an awake doz 
preparation and a 4h IV infusion of M-sulfate (MS), w2 
evaluated the timerelated distribution between plasma 
and CSF of M base and M-3G and their effects o2 
ventilatory drive and PaC 0>. In addition, we studied tha 
same effects on ventilation of fourth ventricula- 
administration of M-3-G. 


Methods. Mongrel dogs (25-30 kg) were surgically 
prepared with chronic indwelling femoral arterial ani 
venous catheters, guide cannulae for insertion of spinel 
needles into the 4th ventricle and cisterna magna, ani 
tracheostomy. Eight to 14 days were allowed for surgical 
recovery. Two experimental series were employed. D 
both, the dogs were conscious but restrained in a 
stanchion. In the first, MS was IV infused at a constam 
rake (10 ug/kg/ min) following a loading dose of 1 mg/kg 
[ C] morphine was included in the infusate. Arterial 
samples were drawn at mglar intervals for analysis of pH, 
PaCO., PaQo, plasma 'C activity and plasma morphin= 
base levels (via HPLC). . cisternal CSF samples were taken 
every 30 min for analysis of ‘C activity and morphina 
base. Ventilatory drive evaluations were performed ever7 
30 min using a modification of a CO» rebreathinz 
method. Assessments were based on PaCO,5 vs 1 se? 
inspiratory occlusion pressure change Vap/at ia 
mmHg/sec). Among animal comparisons were facilitateli 
using the dp/dt value at PaC Oo=70 mmHg during 
rebreathing. In the second series, M-3-G was prepared in 
an artificial CSF solution and delivered using a 4ti 
ventricle to cisterna magna perfusion (VCP) system. CSP 
composition and conditions for study have been describei 
elsewhere (4). All drug perfusions (at 0.4 ml/min) were 
preceded by a 2 h period of VCP with drug-free CS? 
(control). We then evaluated the effects on ventilator7 
drive and PaC 0, of VCP with M-3-G at 1, 10 and 50 ug/mL 


Results. In the IV MS infusion series the cisternal 
CSF/plasma ratio of M base remained relatively constanc 
while the cisternal CSF/plasma ratio of total M (based o2 
[°'C] morphine specific activity) was found to rise fron 
0.069 at 1 h to 0.13 at 4h. Over the same period, PaC05 
gradually increased, and ventilatory drive (dp/dt7)J 
gradually decreased. Perfusion with M-3-G at 1 ug/ml 
resulted in a slight depression of ventilation Gincreased 
PaCOo) but no change in ventilatory drive. During VC? 
delivery of M-3-G at 10 ug/ml, ventilatory drive increased 
to 143% control but Pac O> remained unchangec. 
Perfusion with M-3-G at 5C ug/ml resulted in a 181¢ 
increase in ventilatory drive and a decrease in PaC O02. 


Discussion. Our cbservation of a constant CSF/plasma 
ratio of M base while the CSF/plasma ratio of total M (M 
base + conjugates) continued to increase during the 4h MS 
infusion is probably the result of increasing penetration of 
M conjugates into the CSF over time. This is consistent 
with the highly polar nature of M-3-G and M-6-G (3). The 
possibility exists that the gradually increasing ventilatory 
depression over time, in the face of a constant cisternal 
CSF M base concentration, is at least partly related to 
increasing presence of glucuronides in the CSF. However, 
VCP delivery of M-3-% into the CSF produced ventilatory 
stimulation, not depression. We have previously shown, 
using the identical VCP delivery system, that MS causes 
significant depression of ventilation (4). The ventilatory 
effects of VCP administered M-6-G is currently under 
investigation. 


Table 1. Intravenous MS infusion studies 


Time of Infusion 
Control 1h 2h 3h Nh 


PaC05 38.8 54.0 55.1 59.8 60.9 
(mmHg) 
dp/dt7 700 40.3 34.7 38.7 25.6 


(3 confrol) 


morphine base - 0.48 0.44 0.36 0.42 
(CSF/plasma ratio) 


total morphine - 0.069 0.082 0.098 0.13 


Table 2. VCP glucuronide administration studies. 


Control M-3-G M-3-G M-3-G 


ug/ml 0 1 10 50 
PaCOo 36.9 42.7 39.4 35.8 
(mmHg) 

dp/dt7 100 94.6 143.2 180.7 


(% confrol) 
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Introduction: pacreasing Paco. elevates 4. Andersen K, Waaben J, Husum B, et al.Nonpulsatile 
cerebral blood flow (CBI) during hypothermic cardiopulmonary _ bypass disrupts the flow- 
cardiopulmonary bypass (CPB). Hypercarbia's metabolism couple in the brain. J Thorac 
influence on c rgbral oxygen consumption (CMRO.,) i Cardiovasc Surg 1985;90:570. - 


is 

controversial.“? We report CMRO, changes induced 

by altering Paco during CPB. 

Methods: We studied 6 patients, free of chronic Table 1. (Mean + SD) 
hypertension or cerebrovascular disease, undergoing 


cardiac surgery. All gave informed consent for PaCo. MAP NPT QL -2, ,Het 
entry into a study approved by the Clinical (mmHg) (mmHg) (°C) (L.min “m 4) (Vol Z) 
Research Practices Committee. After premedication 
with lorazepam and morphine, we induced narcosis ~ Group I A 3642 7049 27.340.6 1.940.4 2343 
with fentanyl 75 p kg. No other drugs were given B 4542 709 27.2ż+0.7 1.940.4 2443 
until completion of CBF measurements. We placed a ji 
retrograde 15 cm, 20 gauge internal jugu ar vein Group II A 55+3 9+8 27.6+0.7 1.940.3 2644 
catheter for sampling of cerebral venous blooc. B 6842 6849 27.640.9 1.9+0.3 26+4 

During hypothermic, nonpulsatile CPB, CB? was 
measured twice in each patient. In Group E CNTA? 
we varied PaCO. 35-45 mmHg (uncorrected for NPT). 
In Group II (N45) PaCO. ranged from 52-67 mmHg. In Table 2. (Mean + SD) 

ured twice in random order, 


each group, CBF was mea 
once at a {ower (A) and once at a higher (B) PaCo.. PaCo. CBF i CMRỌ2 — 
Variables controlled throughout, the study weré: (mmfig? (m1.100g *.min™*) (m1.100g + .min7!) 
nasopharyngeal temperature (NPT), pump flow C8 R 
mean arterial pressure (MAP), and hematocrit (Het). Group I A 3642 12.845y,. 0.38+0.1 
We determined regional CBF by clearance of 133-Xe B 4542 15.143 0.39+ 
injected via the arterial ‘inflow cannula, then * 
averaged values from 16 detector sites to obtain Group II A 5543 25.7495. nx 
mean global CBF. We utilized the CBF}- computation B 6842 28.745", 
technique, corrected for decreases in NPT and Het. * , 
CMRO. was estimated as the product of the cerebral xxIntergroup difference (B50 - 03} 
artefiovenous oxygen content difference and the Intragroup difference (P<0.05 
lobal CBF. CMRO. and CBF values within groups and 
etween groups ^ were compared using repeated Figure I. 
measures analysis of variance, significant at 
P<0.05. CBF, CMRO. and PaCO. data analysis used the 50 
least squares fit method to determine the curve Cubic fit 
best escribing that relationship between r=76 . 
variables. All values are expressed as mean + 40 P<0.0001 
standard deviation . 5 
Results: Controlled variables (MAP, NPT, G, and 
Hct] were nearly identical within Groups I and II 
at both intervals (Table 1). PaCO, differed 
significantly within Group I and Group“ II during 
the twc measurement intervals per the study design 
(Table 2). CBF changed in a predictable fashion 
rising significantly as PaCO, increased within both 
roups (Figure I). ~CMRO. refiained unchanged within 
roup I, but decreased st nificantly in Group II as 
PaCO, increased (P<0.059 (Table ` 2). By least 
squafes analysis, a linear curve best describes the 
CMRO, data from all patients (r=0.54, P<0.001) o 
(Figtre II). —> er oe ST 
Discussion: CMRO. differed significantly between 30 40 50 60 70 80 
the two groups (P<6.05). In Group I CPB patients 
(alpha-stat management), CMRO approximate 19% of PaCO, (mm Hg) 
that of normal awake persons 6. ml.100g.min ~) at 
both lower and higher levels of PaC0,. Possible Figure II. 
mechanisms for this decreasg include 4ypothermia 
and nonpulsatile perfusion. Group II patients 
(pH-stat management) demonstrated a profoun degree 
25 cerebral metabolite depression as one. rose from 06 
S . e rise is comparable to tr greater . = 
than the eduction prodyced Py severe hypercarbia ë * CMRO, =— 0.0059*PaCO, + 0.623 
in experimental animals.“? ese data support the Linear fit; re =.54 


CBF,, (mie100gemin“) 














= e 
hypothesis that pH-stat management durin È 05] o ä P<0.0001 
hypothermic CPB produces rofound cerebra. E a 
p ysiologic changes compatible with severe x 
ypercar ia f=} 
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cerebral blood low to changes in carbon dioxide E, 
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bypass. Anesthesiology 1986;64:576-581. gQ 
2. Artru AÀ, Michenfelder JD. Effects of 5 
hypercarbia on canine cerebral metabolism and O 
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measurement of blood flow. Anesthesiology 
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Introduction. A few studies using isolated 
inhalational anesthetics have been able to 
demonstrate that inhalational anesthetics induce 
platelet dysfunction. The amount of dysfunctim 
has been noted but a comparative study has never 
been done. The purpose of this study was to 
compare the degree of platelet dysfunction induced 
by the three common inhalation agents. 


Methods. This project received approval of tke 
institutional human review committee. One hundred 
eight ASA 1-2 patients who had not been recently 
exposed to any medications with known platelet 
effects were entered into our study. The 
anesthetic agent was randomly assigned, and the 
groups were approximately equal. No patients were 
premedicated, and each patient served as their own 
control. A pair of blood samples was obtainec 
from each patient. The first prior to anesthet=c 
exposure, and the second after 30 minutes cf 
inhalational anesthesia. All patients were 
induced with sodium thiopental and had intubaticn 
facilitated by succinylcholine. Maintenance 
anesthesia consisted of 60% Nitrous oxide and 1-2 
mac of Halothane, Ethrane or Isoflurane. After 
obtaining the specimen from the anesthetized 
patient the airspace above the liquid sample wes 
flushed with 1-2% of the specific inhalation agert 
which had been clinically used to prevent loss of 
drug from the plasma. All platelet analysis was 
performed using the Sonoclot® analyzer which 
measures the visceoelastic properties of tke 
forming clot. The shoulder peak interval was usec 
to qualitatively analyze the platelet functior. 
The samples underwent statistical analysis usire 
the students t-test to determine anesthetic 
induced platelet dysfunction within the group am 
anova to determine statistical significance 
between the groups. 


Results. Three patients in the isoflurane group 
were removed from the statistical analysis es 
their values post exposure for outlay the rest vi 
the values. 

There was a statiscally significant difference 
between pre-anesthetic platelet function and tLe 
post-anesthetic platelet function for each of the 
three groups (p > 0.01). Using anova there was ac 
statistically significant difference between the 
three groups. There was considerably greater 
difference between Halothane and Ethrane cr 
Isoflurane than between Ethrane, and Isoflurare 
(see table 1). 


Discussion. This study has shown that all three 
agents can induce platelet dysfunction. It should 
be noted that the dysfunction though 
experimentally significant rarely exceeded the 
normal limits of the analysis. Three women in the 
Isoflurane group who had normal platelet function 
prior to exposure developed profound platelet 
dysfunction after 30 minutes of isoflurane 
exposure. This platelet dysfunction appeared to 
be clinically evident during their surgical 
procedures, and they required intraoperative 
transfusions. 

The mechanism of action of anesthetic induced 
platelet dysfunction is postulated to be secondary 
to their potential for increasing cyclic AMP 


within the patelet. This leads to a decrease 
level of ADP which is essential for platelet 
aggregation. We conclude that inhalation agent 


induced platelet dysfunction is experimentally 
demonstrable, kut rarely becomes clinically 
significant. Halothane appears to cc.amonly induce 
a slightly greater amount of dysfunction than 
ethrane or iscflurane though this was not 
Statistically significant. Caution should be 
taken in those patients presenting for anesthesia 
who have taken medications known to alter platelet 
function because the combination of these drugs 
with inhalation agents may potentiate anesthetic 
induced platelet dysfunction. 


Table 1 

Group n Mean difference 

of shoulder- Peak 

interval pre & 

post exposure 
Halothane 28 15.4 
Ethrane 30 10.7 
Isoflurane 50 10.8 
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‘INTRODUCTION: Previous work in our Day Surgery Unit 
(DSU; suggests that decreases in hemoglobin satu- 
ration (SAT) and large swings in heart rate (HR) and 
mean arterial pressure (MAP) are not rare events 
among patients receiving local anesthesia (LOC). 
The purposes of this study were to build an on-line 
database consisting of health history and intra- 
operative physiologic data, to identify potentially 
adverse intraoperative events and to determine the 
medical history of LOC patients with these events. 


METHODS: Database: We used a local area network to 
record data continuously from the pulse oximeter and 
automated blood pressure monitor in each operating 
room (OR). DSU health survey information and OR 
record data were entered independently. All data 
are stored in a VAX 8200 supermini computer using a 
relational database. Pulse oximeter data (SAT, HR) 
were recorded every minute. MAP was recorded every 
three minutes. We used this system during a 2% 
month period to record SAT, HR, MAP, health survey 
and OR record data for patients receiving LOC in our 
DSU. Events: There were no bradycardic or hypo- 
tensive events. Thus, we selected lowest SAT, and 
highest HR and MAP as indicators of potentially 
adverse intraoperative events. To identify events 
and to eliminate possible artifact data, we selected 
SAT and HR values that appeared for at least two 
contiguous minutes. We determined the frequency 
with which levels of each parameter occurred. 
Medical History: We used the relational database to 
identify each patient's current health status, 
previous illnesses and current medications. We then 
used this information to determine each patient's 
relevant medical history. 


RESULTS: Database: SAT, HR, MAP, health survey and 
OR record data were available for 149 patients. 
Events: Four of 72 (5.5%) LOC patients had a SAT of 
90% or less (Table 1), 12 of 77 (16%) had a HR of 
101 or greater and 31 of 149 (21%) had a MAP of at 
least 121. Medical History: One of the four pa- 
tients with coronary artery disease (25%) and one of 
the eight patients with hypertension (13%) had a HR 
greater than 126 (Table 2). All of the patients 
with coronary artery disease had MAPs of 121 or 
greater (Table 3). Six of 14 (43%) patients with 
hypertension also had MAPs of at least 121. 


DISCUSSION: Many patients receive LOC for surgical, 
dentel and radiologic procedures, often in settings 
where no anesthesia personnel are available. Little 
is known, however, about the intraoperative physio- 
logic status of these patients and which parameters 
should be monitored. Our database, which includes 
health history, OR record and intraoperative auto- 
mated monitor data, allows us to identify poten- 
tially adverse intraoperative events. We found that 
SATs of 90% or less, HRs of at least 101 and MAPs of 
at least 121 are not rare events among patients 
receiving LOC. Moreover, it appears that patients 
with pre-existing cardiovascular disease and hyper- 


tension may be at increased risk for such intraopera- 
tive physiologic changes. These preliminary 
findings suggest that enkanced evaluation and 
monitoring of LOC patients ray be warranted, part- 
icularly as the number of less healthy and older 
patients undergoing outpatient procedures increases. 
In addition, reimbursement schemes should acknow- 
ledge that anesthesia care may be appropriate for 
certain groups of LOC patients (e.g., those with 
cardiovascular disease, hypertension) who appear to 
be at increased risk for adverse intraoperative 
events. Further development of such a database will 
allow us to identify more precisely the factors 
(e.g., age, sex, hypertension, etc.) which pre- 
dispose patients to abnormal intraoperative physi- 
ologic changes. 
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Table l: Number of LOC patients by SAT, HR and MAP 
levels. 
Lowest SAT 





Total # 
<85% 86-90% 91-95% 96-100% Patients 
1 3 23 45 72 
Highest HR 

<50 51-75 76-100 101-125 126+ 
0 24 41 9 3 77 


Highest MAP 


61-80 81-100 101-120 121-140 1414+ 
9 48 61 24 7 149 





Table 2: Number of LOC patients by medical history and highest HR 


Highest HR 
£50 51-75 36-100 101-125 1264 TOTAL 
Ccronary artery 
disease 0 2 1 0 1 4 
Hypertension 0 3 4 0 1 8 
Nc relevant disease 0 19 36 9 1 65 
TCTAL 0 24 41 9 3 77 


Table 3: Number cf LOC patients by medical history and highest MAP 


Mighest MAP 
$180 81-100 01-20 121-140 414 TOTAL 
Ccronary artery 
disease 0 0 0 1 3 4 
Hypertension 1 1 6 3 3 14 
Nc relevant disezse_ 8 47 55 20 l 131 





TOTAL 9 48 61 24 7 149 
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Introduction. Despite the recommendations of 
the 1984 Consensus Conference (1), fresh frozen 
plasma (FFP) is stil? being administered 
prophylactically to offset the dilution of 
clotting factors after cardiopulmonary bypass 
(CPB)(2,3). An opportunity to study its efficacy 
in this setting was provided when a surgical team 
acutely substituted 5% aibumin for FFP in its 
fluid administration protocol. 


Methods. The anesthetic and intensive care 
unit (ICU) records of 100 consecutive patients who 
had undergone elective aortocoronary bypass 
grafting by the same surgeon were reviewed; 52 
from immediately before the change in protocol 
(Group F), and 48 from immediately after (Group 
c). 

All patients underwent non-pulsatile CPB with a 
Shiley S100A bubble oxygenator, crystalloid prime, 
and moderate hypothermia. During bypass the 
activated clotting time (ACT) (International 
Technidyne Hemichron) was maintained > 480 sec. 
Heparin neutralization with protamine was 
confirmed by the return of serial ACT's to normal 
and by the absence of a heparin effect in an 
automated protamine titration (Hemotec Hepcon). 
Bank blood was given after bypass when the 
hematocrit was < .32. 

In Group F 2 units of FFP were administered for 
bleeding prophylaxis and additional units were 
given for volume replacement. In Group C no FFP 
was administered. 5% albumin was given for volume 
replacement. 

PT and PTT were determined on arrival in the 
ICU. Blood loss was defined as the 24 hr chest 
tube drainage. Statistical comparisons were made 
using Student's t, Mann-Whitney rank sums, and chi 
square tests. P values < 0.05 were considered 
significant. 


Results. There were no differences in age, 
number of grafts, bypass time, male:female ratio, 
or distribution of anesthesiologists. 

On patient in Group F and 2 in Group C required 
re-exploration for bleeding and were not included 
in the table. In all 3, specific bleeding sites 
were found. The 24 hr blood loss was < 1100 ml in 
all patients except for 2 in Group F whose blood 
losses were 1700 ml. These 2 patients account for 


the larger mean blood loss in Group F, although 
the difference between the 2 groups was not 
significant. Also the administration of platelets 
to these 2 patients allowed the differences 
between groups in the number of units of platelets 
to achieve significance. 

The number of tnits of blood (whole, packed 
cells, or both) transfused did not differ between 
groups. The greater number of donors in Group F 
was the result of the highly significant 
difference (P < .001) in the number of units of 
FFP administered. 


Discussion. Prophylactic administration of FFP 
after CPB did not reduce blood loss, lower the 
number of patients re-explored, or produce more 
normal results on coagulation tests. Substitution 
of 5% albumin for FFP significantly reduced the 
number of blood components per patient and thereby 
reduced the risk of disease transmission, 
sensitization, and untoward reaction. 
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l. Fresh-frozen plasma. Consensus Conference. 
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Scand J Thorac Cardiovasc Surg 1986;20:151-60. 
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Table. Influence of FFP on blood product 





administration, blood loss, and clotting 
parameters. 
Group E c 


Components transfused 


Blood (units) 5.5+ .3 5.3 + .2 

FFP (units) 5.84 .5 0.24.18 

Platelets (units) 2.7+ .8 0.9 + .4** 
Donors 14.0 + 1.2 6.4 + .5* 
24 h blood loss (ml) 630 + 44 550 + 24 
PT (sec) 14.6+ .1 15.2 + .1** 
PTT (sec) 31.6 + .8 29.7 + .5%* 


Values represent mean + SEM; *p <.001; **p < .05 
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Introduction: Hypertension, bradycardia, and 
ectopy can occur during posterior fossa brain 
surgery. [1] Moderate to severe increases in blood 
pressure are associated with retraction of the 
cerebellum during posterior fossa craniectomy and 
microvascular decompression of the fifth cranial 
nerve in patients suffering from tic douloureux. 
This study was performed to determine if anesthetic 
agents differ in their ability to attenuate this 
hypertensive response. 


Methods: Following approval by the local committee 
on human research, 29 patients ASA Class II and III 
gave written, informed consent to participate in 
this study. One surgeon performed all operations. 
Patients who had an average pre-operative blood 
pressure (BP) greater than 160/100, or a history of 
pulmonary, renal, or hepatic disease, or who regu- 
larly took narcotics to control pain were excluded. 
Premedication was with triazolam, 0.125 mg, po 
given 1 hr pre-operatively. Anesthesia was induced 
with thiopental, 4 mg/kg IV, lidocaine, 1 mg/kg IV, 
vecuronium, 0.1 mg/kg IV, and 60% nitrous oxide. 
The trachea was intubated and ventilation 
controlled to maintain PaCOg = 30 + 3 (S.D.) mm Hg. 
Arterial blood pressure zeroed to the dependent 
external auditory meatus and the electrocardiogram 
were recorded continuously on a Hewlett-Packard 
7402A strip chart recorder. Patients were randomly 
assigned to one of three anesthetic groups: 
halothane/No0; isoflurane/No0; sufentanil/No0. The 
anesthetist was instructed to deliver engugh anes- 
thetic (pre-cerebellar retraction) to control 
systolic BP at 10-20% below the average of all ward 
BP’s recorded. End-tidal concentrations of anes- 
thetics were monitored continuously by mass- 
spectrometry and recorded. The sufentanil/No0 
group received sufentanil 2.7 + 0.9 mcg/kg 19, in 
divided doses to attain the desired BP. The BP in 
two patients receiving sufentanil/No0 could not be 
controlled with sufentanil] doses to 6 and 12 
mcg/kg, respectively, and the results from these 
patients were not included in the analysis. Vaso- 
dilators and beta adrenergic blocking drugs were 
not administered intra-operatively. The surgeon 
retracted the cerebellum with a malleable retractor 
and then fixed it to the skull via a self-retaining 
apparatus. The Targest blood pressure change dur- 
ing this time was noted and compared among groups 
by analysis of variance (ANOVA). 95% confidence 
intervals were then used to test for differences 
among groups. Student’s t-test was used to compare 
MAC equivalents for the two volatile anesthetic 
groups and ANOVA for other values in the table. 
P<0.05 was considered significant. 


Results. In every patient, BP increased during 
cerebellar retraction. Halothane/N20 was more 
effective in attenuating this response when 
compared to isoflurane/N20 (see table). Sufen- 
tanil/No0 was intermediate and not statistically 
different from either the halothane/N20 or iso- 
flurane/N20 group. However, two patients in the 


sufentanil/No0 group had to be removed from the 
study due to uncontrollable hypertension pre- 
retraction. Also, 4/7 of the remaining sufen- 
tanil/No0 patients required naloxone to restore 
adequate ventilation at the end of surgery. MAC 
equivalents for the volatile anesthetic groups were 
not different. In only one patient (sufentanil/ 
N20) did HR change more than 5 beats/min during the 
study period (HR 75 to 35). No ectopy was noted in 
any patient. 


Discussion. The mechanisms for the hypertensive 


response to cerebellar retraction remain unknown. 
Our results suggest that, of. the anesthetics 
studied, halothane/N20 is the most effective in 
attenuating this response. The mechanism of 
halothane’s effect is also unknown. However, 
Seagard, et al., [2] have found that, at 1 MAC, 
halothane depresses baroreceptor reflex changes in 
sympathetic activity more then isoflurane. Perhaps 
this mechanism, or a similar one, applies to our 
results. This study may help anesthetic decision 
making as follows: (1) In pesterior fossa surgery 
where hemodynamic stability is of primary concern, 
halothane/No0 may be preferable to isoflurane/N20; 
(2) in patients where ‘hemodynamic change to brain 
stem manipulation is desirable as an alert to halt 
surgical resection, isoflurane/No0 may be 
preferred. 
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a Se =, 
Halothane Isoflurane Sufentanil 


N 8 9 

Ages 57 + 1l 62 +8 51 + 13 

MAC * 1.05 + 0.27 0.96 + 0.17 

Ave Ward 136 + 17 130 +14 136 +19 
BP 85 + 13 77414 8049 

Pre-retract 117 l1 123 + 15 


I+ 
WO 
r+ 
f=] 
P 
+ j+ 


73 + 14 60 +7 7O+7 
Peak increase _17 + 6. 38 + 20 26 + 19 
10+5 26 + 13 13 + 10 


All values mean + S.D. 

* MAC value does not include contribution from 
N20 

** P<0.05 Halothane different from Isoflurane 

All other comparisons N.S. 


se 
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ntroduction: Since 1868 mixtures of nitrous oxide ami 
xygen have been advocated as a means to produce analgesia 
nd anesthesia for surgery. Lf nitrous oxide is the sol= 
gent, the concentrations needed (MAC=1.04) to produce 
dequate anesthesia cannot be utilized outside of a 
yperbaric chamber without delivery of a hypoxic gas 
ixture. In 1878, Paul Bert anesthetized a dog in a 
yperbaric chamber at 1.2 ATA with a mixture of five parts 
O and one part 0,-(1) In 1949, Falconer and Pender 
foduced anesthesia in human volunteers breathing 50% N 
nd 50% 0, at 2 ATA.(2) In 1982, Hornbein, Eger et 
eported dnesthetizing seven volunteers at 1.55 atm 
bsolute NO to determine MAC. 

ethods: ‘With approval from our Clinical Investigatim 
committee, eight human volunteers were anesthetized in a 
yperbaric chamber at 2 ATA with nitrous oxide and oxygen. 
11 volunteers were ASA I males age 20-31 years who hai 
een NPO for at least eight hours. Prior to pressurization 
n 18 gauge IV catheter was inserted with administration o€ 
actated Ringers. Monitoring consisted of a precordial 
tethoscope, EKG, ear oximetry, blood pressure by Dynamapo 
nd regular sphygnomanometer, axillary temperature ami 
easurement of inspired and expired 0,, N,0 and CO, 
oncentrations by a Perkin Elmer Fics 1100 mass 
pectrometer. All resuscitation equipment and medications 
ere present. Chamber pressure was increased to 2 ATA. 
nesthesia was induced in each volunteer by inhalation of 
ital capacity breaths of nitrous oxide 1.5 ATA. Loss of 
onsciousness was determined by the inability to follow 
imple commands and loss of eyelid reflexes. After a stabl= 
evel of anesthesia with spontaneous ventilation had been 
stablished and an intravenous precurarizing dose cf 
uccinylcholine (20 mg) was given, followed in thre 
nutes by a paralyzing dose of 1.5 mg/kg. This was 
ollowed by endotracheal intubation and assisted 
‘entilation until return of spontaneous respirations. 0m 
f the subjects was not intubated, but anesthesia was 
aintained by mask for two hours. Six subjects were 
nesthetized for four hours and one for three hours. Te 
ntubated patients had orogastric tubes connected t 
uction. There was no regurgitation or vomiting at 
nduction. Ventilation was spontaneous through a 
emi-closed circle system. At the end of the anesthetic 
20 was turned off and spontaneous ventilation continued 
Ith 100% 0, Extubation as performed when the subject was 
wake and Capable of adequate airway protection. Chamber 
compression was started when ETN, was < 0.06 ATA. A 
O-minute decompression stop at a depth of 10 feet was used 
or those anesthetized for four hours. 

esults: At induction, all subjects lost consciousness in < 
0 seconds. Inhalation induction was associated with a 
nerease in mean arterial pressure (MAP) ranging from 20-47 
mHg (mean 36 mmHg), tachypnea (respiratory rate 20-47 
reaths per minute) and tachycardia (peak rates 80-14) 
pm). Peak increases occurred between 3 and 7 minutes of 
nduction. Changes returned to a lower stable baseline in < 
5 minutes in all subjects except one in whom 50 minutes 
rare required. During anesthesia ETO, ranged from 3.6% t 





i.0% during spontaneous respiration. ETN,0 was followel 
‘losely and adjustments made depending on subject 
issessment. A relaxed anesthetized state was produced by a 
arrow range of EIN.O (Fig. 1). During this phase, each 
ubject had dysconjugate gaze. With EIN,0 levels higher 
han previously assessed MAC, each volunteer responded to 
aryngeal suction with coughing and tachycardia. Each 


volunteer periodically exhibited waves of sympathetic 
activity associated with diaphoresis, mydriasis, 
tachycardia and hypertension. These change occurred 
without variation in EIN,O or ETICO,. Clonus was 
demonstrated in all subjects. The limbs involved and the 
degree varied. Frank opisthotonic posturing was 
demonstrated by four subjects. The compressed spectral 
array (Neurotrac) demonstrated elimination of gas wave 
activity with induction. However, during light levels of 


anesthesia and high levels of EIN,O, increased alpha and | 


beta wave activity was demonstrated, initially in the 
dominant atmosphere (Fig. 2). At the end of anesthesia 
each subject followed simple commands within 15 minutes. 
With hign (> 10 L/min) 0, flows, the excitement phase 
during N,O washout was rapiðly transited and commands were 
followed in < 6 minutes. After anesthesia, four subjects 
had mile nausea only (one with slight dizziness for 20 
minutes), two no nausea whatsoever, and two marked nausea 
and vomiting. 


Discussion: N,O anesthesia can be well maintained at 2 


ATA. It is assdciated with increased sympathetic and motor 
activity which would make surgery difficult without 
paralysis. At greater than previous determined MAC values, 
all subjects responded with movement to laryngeal suction. 
The anesthetic is rapidly reversible and nausea and 
vomiting is not a significant problem in the majority. 
There is no decompression schedule available for N,0O 
breathing at depth. A 90-minute decompression stop at to 
feet was chosen empirically and has resulted in no 
associated problems. 
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Introduction, The nervous system contains pro- 
tective mechanisms or control systems to diminish 
painful experiences, and electrical stimulation of nerve 
fibers can activate these control systems. A factor 
that has been of significance in making stimulation 
treatment practical is the development of trans- 
cutaneous electrical nerve stimulators (TENS), which 
patients can use without any restrictions in their daily 
‘lives. Eriksson and Sjolund have pointed out that in a 
variety of investigations it has been reported that 12- 
35% of the patients have had a good response to treat- 
ment with TENS. during a follow-up period of 4-12 
months. These authors have pointed out that it is 
important not only that all forms of stimulation be 
given an adequate trial, but that the initial placement 
of the electrodes, information to the patient, and 
follow-up, be carefully controlled if a successful treat- 
ment is to be obtained, Also, because of the com- 
plexity of the chronic pain problem a careful selection 
of the patients who would be suitable for TENS should 
be carried out prior to the introduction of this 
modality. In particular patients with major psycho- 
social operant factors in the maintenance of chronic 
pain problems have not responded well to this form of 
therapy. In this study we have analyzed chronic pain 
patients presenting to a University Pain Clinic, who 
have been treated for their chronic pain problem with 
TENS to determine how the technical aspects of the 
application of TENS, and psychosocial factors, may 
have a bearing on the response to TENS. 


Method, Following approval of the human sub- 
jects investigation committee, 31 patients presenting to 
the University of Michigan Chronic Pain Clinic were 
asked to complete a detailed questionnaire, including a 
series of questions relating to depression. In addition, 
they all completed the Eysenck Personality Inventory. 
On the day of their scheduled visit to the clinic, the 
patients were interviewed by a clinic nurse who con- 
ducted a structured interview with regard to the use of 
TENS in the patient's chronic pain problem. The 
patients rated their pain as having no response, poor, 
moderate, or good. In addition, they were presented 
with a visual analog scale and asked to mark the degree 
o7 pain relief they experienced using this modality, 0 
being no response and 10 being complete pain relief. 
The adequacy of the initial testing of TENS and follow- 
up in the relief of chronic pain was based on the 
criteria outlined by Eriksson and Sjolund and assessed 
by a different staff member than the person adminis- 
tering the structured interview. At the conclusion of 
the clinic visit the patient's data was collected and 
scored. The results were then subjected to statistical 
analysis. 


Results. Of the 31 patients, 11 were male, 20 
were female, with m age range from 24-71. Twenty- 
four of the patients were suffering from low back pain 
and/or myofascial pain, and 7 patients were given a 
diagnosis of neuralgia, Eleven of the patients were still 
using TENS, and 10 of the patients were actively 
involved in litigation compensation issues. There was 
no correlation between those still using their TENS and 
those pursuing active litigation compensation, and there 


were no significant differences between the patients 
using the TENS, those in active litigation compensation, 
and their depression or personality scores. All of the 
patients with a diagnosis of neuralgic pain had a poor 
response to TENS and none of them were still using this 
mode of therapy. There was a significant correlation 
between the pain and TENS responses and the adequate 
testing and follow-up of the pctients. There was no 
correlation between the Eysenck Personality Inventory 
scores or depression scores and either the degree of pain 
relief achieved, or of the response to transcutaneous 
electrical nerve stimulation. There was a highly signifi- 
cant correlation between the degree of neuroticism as 
determined by the Eysenck Personality Inventory and the 
depression score as obtained from the depression rating 
scale used in the Patient Assessment Narrative. Partial 
correlation coefficient = 0.84 R-SQR. = 0.70. 


RELATIONSHIP OF PAIN RESPONSE WITH 
ADEQUACY OF TESTING AND FOLLOW-UP 






ME adequate test 
inadequate test 
adeq. follow-up 
inad. follow-up 


Mean Pain Response 


Discussion. This study suggests that psychosocial 
factors operant in these chronic pain patients conditions 
did not have any bearing on whether or not the patient 
responded to transcutaneous electrical nerve stimula- 
tion. The success achieved using this form of chronic 
pain therapy was related to the adequacy of testing of 
these patients at the initial visit, and the adequacy of 
their follow-up. From the criteria outlined in the 
method, only !| out of the 3. patients had adequate 
testing at the initial visit, and only 8 of these patients 
were adequately followed up. 
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Introduction. In 1963, Eckenhoff et al found an 
nerease in the physiological dead space, up to 75 
f the tidal volume during deliberate hypotension. 


he increase was mainly in the alveolar dead space. 
na study of 7 patients, Askrog et al found a small 
ncrease in the Dhysiolggical dead space during 
eliberate hypotension. More recent investigations 
ave failed to demonstrate increases in the alveolar 
ead space during deliberate hypotension in the 
upine position or yith slight head-up tilt, in 
dults or children. The purpose of the present in- 
estigation was to re-evaluate the effect of delib- 
rate hypotension on the alveolar dead space. The 
rterial to peak expired carbon dioxide partial 
ressure difference P(a-pe)CO. was utilized to 

ssess the magnitude of change of alveolar dead 
pace. 

Methods. The study was approved by the institu- 
ional investigative committee and informed consents 
ere obtained. Thirty eight patients in whom re- 
uction of blood loss was sought were studied. 
urgical procedures included: scoliosis correction 
ith instrumentation in the prone position (13 
atients), hip arthroplasty in the supine position 
2 patients) and head and neck procedures in a head- 
p tilt (10-25 degrees), (13 patients). A radial 
rtery was cannulated prior to anesthetic induction 
or arterial blood pressure measurements and blood 
as sampling. After induction of anesthesia with 
hiopental and fentanyl, intubation was facilitated 
ith a muscle relaxant. Anesthesia was maintained 
ith either enflurane or isoflurane in oxygen and 
euromuscular blockade. Ventilation was controlled 
t constant tidal volume and rate maintaining a 
aCO, between 30 and 4O mm Hg. After a clinical 
teady state was achieved, hypotension was gradually 
nduced with trimethaphancamsylate infusion (0.2% in 
% dextrose in water). Propranolol was administered 
n 0.1 mg increments to control increases in heart 
ate. In patients undergoing surgery of the head 
nd neck, a head-up tilt (10-25 degrees) was util- 
zed. Paired arterial blood gas analysis and peak 
xpired carbon dioxide partial pressure (PpeCO, ) 
alues as measured by a calibrated mass spectrometer 
ere obtained before induction of hypotension 
control) and 15, 30,60,90 and 120 minutes during 
ypotension. In 21 patients, samples were obtained 
ollowing the return of blood pressure to 90% of 
he prehypotensive level. Body temperature was 
aintained between 36.1 and 37.1C throughout the 
nvestigation. Significant statistical differences 
rom control were identified with a paired t-test 
nd statistical significance was accepted when 
<0.05. 

Results. In patients undergoing scoliosis 
orrection, (mean age = 17.3 years) there were no 
ignificant changes in P(a-pe)CO,. The mean gradien= 
as 2.88 mm Hg before hypotension and remained 
etween 1.6 and 3.3 during hypotension in spite of a 
eduction in mean arterial pressure to 52.0 mm Hg. 

n patients undergoing head and neck surgery (mean 
ge = 45.0 years) there were no significant changes 
n P(a-pe)CO, during the first hour of hypotension, 
ut a slight increase was noted at 90 minutes. In 


patients undergoing hip arthroplasty, (mean age = 
65.5 years) the gradient increased to 10.0 after 
induction of hypotension and remained between 8.8 
and 12.0 mm Hg throughout the hypotensive phase. 
When patients were divided into two groups according 
to age rather than procedure (above and below 50 
years), we found that older patients had significant 
and sustained increase in P(a-pe) CO, during 
hypotension. Figure 

Discussion. It is apparent from the present and 
previous investigations that induced hypotension is 
not uniformly associated with an increased alveolar 
dead space. Many factors appear to influence the 
magnitude of change in alveolar dead space during 
hypotension. These include: degree of hypotension; 
posture; hemodynamic alterations; filling pressures 
and cardiac output; presence of pulmonary disease 
and age. From the present investigation, it appears 
that age is an important factor influencing dead 
space change during hypotension. Patients under- 
going scoliosis repair did not exhibit an increase 
in dead space. These findings are in agreement with 
a previous study in 14 children which demonstrated 
no change in P(a-pe)CO, during, deliberate hypotension 
in the supine or head-up tilt. The increase in 
P(a-pe)CO, seen in older patients during deliberate 
hypotension may be attributed to changes in pulmo- 
nary function with age and/or pulmonary disease. 

Conclusions. 1) Deliberate hypotension is not 
uniformly associated with increased alveolar dead 
space. 2) Older patients are prone to develop an 
increase in dead space during hypotension. 3) Ppe 
CO, provides a reliable estimate of PaCO, during 
hypotensive anesthesia in children and young healthy 
adults, but not in older patients. 
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INTRODUCTION: Bench studies have documented that the 
delivered tidal volume (TV) from a variety of anesthesia 
ventilators is dependent upon fresh gas flow (FGF). 1,2 
Similarly, it has been calculated that the inspiratory/expiratory 
ratio (VE Ratio) will also influence TV. This study was 
undertaken to define the relative importance of both the I/E Ratio 
and FGF in determining not only TV, but PaCOz in patients 


undergoing surgical procedures. 


METHODS: After institutional review and approval, seven ASA 
Tor II patients undergoing lower abdominal or lower extremity 
procedures were anesthetized with a variety of general anesthetic 
techniques and orally intubated. After attainment of a stable 
anesthetic state and surgical positioning, mechanical ventilation 
with a Narkomed II anesthesia machine and ventilator was 
instituted; bellows volume was adjusted to 12 cc/Kg and the rate 
set at 7 breaths/min. Thereafter, bellows volume was not altered. 
In all patients, initial FGF was 2 liters/min and I/E Ratio was 
1:4.5. After a minimum of 20 min at these settings, expired TV 
was measured with a calibrated Wright's spirometer and arterial 
blood gas analysis was performed. I/E Ratio was then changed 
to 1:2 and all measurements were repeated. FGF was then 
increased to 6 liters/min and all measurements repeated after 
appropriate equilibration during ventilation with J/E Ratios of 
1:4.5 and 1:2. This entire sequence was then repeated witha . 
FGF of 10 liters/min. In this manner, expired TV and arterial 
blood gases were measured in all seven patients during all 
combinations of three levels of FGF (2,6 and 10 liters/min) and 
two I/E Ratios (1:2 and 1:4.5). 

The TV during initial ventilation with JE Ratio of 1:4.5 and FGF 
2 liters/min was established as the Baseline TV. The per cent 
change in TV from Baseline TV (A TV) and absolute PaCO» 


were plotted as a function of FGF for each /E Ratio ( Figures 1 
and 2). 

The slopes of the lines were compared with a student's t-test. p < 
0.05 was considered statistically significant. 


RESULTS; Initial PaCO> with bellows set at 15 cc/Kg, FGF = 


2 liters/min, and I/E Ratio of 1:4.5 was 43 +2 mm Hg. 
Thereafter, ATV increased and PaCO7 decreased with each 


increase in FGF and with each change from J/E Ratio = 1:4.5 to 
VE Ratio = 1:2. PaCOy was the lowest with FGF = 10 liters 


and VE Ratio = 1:2, being 30 + 3 mm Hg. The slopes of the lines 
relating ATV to FGF and PaCOy to FGF at each I/E Ratio were 


significantly different. 





DISCUSSION: These data demonstrate that both FGF and I/E 
Ratio are important determinants of TV and PaCOy in surgical 
patients being mechanically ventilated with a fixed bellows 
volume. The divergent slopes of the lines relating PaCO2 and TV 
to FGF at the different I/E Ratios indicate that I/E Ratio becomes 
a more important determinant of TV and PaCO, as FGF 


increases. The average change in arterial PaCOy from 43 to 30 


mm Hg over the range of FGF and I:E Ratio studied further 
indicates that physiologically significant alterations in acid base 
status can occur despite a constant bellows volume if the relative 
contributions of FGF and I/E Ratio <o minute ventilation are not 
appreciated. 
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FIGURE 1- A TV vs. FGF at different I:E Ratios 
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Introduction. Aging is associated with 
shysiological changes which may alter drug 
action. Stevens et al repcrted that for 
isoflurane the elderly have a greater sensitivity 
to this anesthetic, as expressed in a, reduced 
ninimam alveolar concentration (MAC) ~“. It is 
also known that isoflurane causes EEG burst 
suppression at doses above MAC. Furthermore, the 
juration of isoelectricity (el ical silence) 
increases with increasing dose ^. This study was 
Jesigned to determine if the increased sensitivity 
to isoflurane in the elderly is also reflected in 
changes in EEG burst suppression. 


Methods. This study was approved by the 
Institutional Committee on Research Involving 
iman Subjects. Informed consent was obtained 
from 5 elderly (70-86 years) and 5 younger (23- 
30 years) patients scheduled for elective 
surgery. All patients were without neurological 
lisease and taking no drugs known to alter 
sensitivity to general anesthetics. Subjects 
veceived no premedication other than sodium 
citrate (30cc) taken orally. General anesthesia 
vas induced by inhalation of nitrous oxide (70%) 
ind oxygen with progressively higher concentra- 
cions of isoflurane. Nitrous oxide was then 
liscontinued and succinylcholine (1mg/kg) was 
jiven i.v. to facilitate tracheal intubation. 
thereafter, patients were ventilated with oxygen 
(5L/min) and isoflurane. The inspired concentra- 
zion of isoflurane was adjusted to produce an 
nd-tidal concentration of 1.7%. It was measured 
y infrared analysis with a Puritan Bennett 
inesthetic Agent Monitor (Wilmington, Mass.). 

‘or each patient the analyzer was calibrated with 
| known quantity of anesthetic gas. Exhaled gas 
as Obtained from a teflon catheter inserted 
hrough the endotracheal tube and positioned near 
he carina. End-tidal carbon dioxide tension was 
waintained between 35 and 42mm Hg and esophageal 
emperature was kept between 35.5 and 36.2 
legrees Celcius. Arterial blood pressure was 
aintained within 15% of the pre-induction value 
y intravenous infusion of lactated Ringer's 
olution or phenylephrine. 


After 25 minutes of continuous 1.7 percent 
nd-tidal isoflurane concentration the electro- 
ncephalogram was recorded for 5 minutes prior to 
urgical stimulation. Bifrontal leads were used 
ith a Neurotrac monitor (Interspec, Conshohock, 
a.). Electrode placement was adjusted until 
mpedences were all below 5000 ohms. ‘The EEG 
ignal was stored on cassette tape by a Vetters 
-track recorder (Rebersburg, Pa.) and analyzed 
rom the output of a Hewlett Packard (Andover, 
ass.) strip recorder. EEG recordings were 
nalyzed for duration of electrical silence, which 
as expressed as a percentage of the total 5 minute 
tudy period. A comparison of the duration of iso- 
lectricity between elderly and younger patients 


was made by Student's t-test for unpaired data 
(two-tailed). P<0.05 was considered statistically 
significant. 


Results. All patients showed EEG burst 
suppression (alternating periods of electrical 
silence disrupted by voltage bursts) at 1.7% end- 
tidal isoflurane concentration. However, in the 
elderly patients the duration of electrical silence 
was significantly longer than in the younger 
controls (Table 1). 


Discussion. A reduction in anesthetic requi 
ment with aging has keen previously reported ~’~. 
Those results, however, were cbtained by observing 
motor response to surgical incision. Such a 
response requires multiple integrated physiological 
activities involving sensory neurons, spinal cord, 
brain, efferent neurcns and skeletal muscle. The 
reduction in MAC in the elderly might be due to 
changes at any or all of these sites. Our results 
indicate that the elderly have a more profound 
electrocortical response to isoflurane than younger 
patients. This reflects a discrete alteration in 
brain sensitivity with aging. 


Previous investigators have described age- 
related alterations in cerebral blood flow, cerebral 
oxygen consumption, 5cerebral vascular resistance and 
neuronal density `~. Understanding the role these 
changes may play in the increased sensitivity of the 
elderly to general anesthetics will require further 
investigation. 
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Table 1. Burst Suppression at 1.7% Isoflurane 


(mean + SD) 
eiderly young P 
n 5 5 
Age (yrs) 77.84 5.4 27.6 2.7 <0.01 


Isoelectric Time 75.0 + 13.0 39.9 +17.1 <0.01 
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INTRODUCTION: Increasing numbers of patients 
with impaired left ventricular function (ILVF) 
are requiring coronary artery bypass graft 
surgery (CABG). Changes in adrenergic respon- 
siveness during heart failure present challenges 
in the management and care of these patients. 
Elevated catecholamine levels and ßB-receptor 
desensitization occur with heart failure’, but 
the function of the a-receptor is less clear. 
Although a~receptor desensitization has been 
described in a rabbit model”, a-receptor number 
appears to stay constant in failing human myocar- 
dium. We tested the hypothesis that 
a)-acrenergic responsiveness (a ]AR) decreases in 
patients with ILVF. We also assessed changes in 
a AR during anesthesia and cardiopulmonary bypass 
(CPB). 

METHODS: After institutional approval and 
informed patient consent, 34 patients undergoing 
elective CABG were studied. ILVF was defined 
prospectively as ejection fraction <40%. Group I 
consisted of 12 patients witn EF < 40%; group II 
consisted of 22 patients with EF > 40%. After 
morphine, scopolamine, diazepam premedication, 
hemodynamic monitoring was established, baseline 
measurements recorded, and blood sampled for 
catecholamine levels. Prior to anesthesia 
(pre-anesthesia), a pressor dose response curve 
(PDRC) was generated using a bolus phenylephrine 
(Phe) technique described as follows. After 20 
mcg Phe IV, the maximum mean arterial pressure 
(MAP) obtained in the subsequent 2 minutes was 
documented. Five minutes after the first Phe 
bolus, after MAP had returned to baseline, 40 mcg 
of Phe was given IV. This was continued at five 
minute intervals (through the Phe dose range of 
20,40, 80,120,160,200...mcq) until a 20% rise in 
MAP was noted. Two additional PDRCs were 
generated during fentanyl anesthesia 
(anesthesia), and during CPB (10 minutes after 
aortic cross clamp). Polynomial regression of 
PDRCs was used to determine the exact dose of Phe 
Tequired to increase MAP 20% (pressor dose 20, 
PD29) and repeated measures analysis of variance 
with Bonferroni correction to compare groups. 
RESU_TS: PD9q was significantly lower (p <0.05) 
in group II (EF >40%) during fentanyl anesthesia 
than group I (EF <40%). Hence, more Phe was 
required to increase MAP 20% in patients with low 
EF during anesthesia than those patients with EF 
>40%. There were no significant differences in 
PD29 values between groups during pre-anesthesia 
or CPB. Significant decreases in PDgq compared 
to pre-anesthesia (p <0.05) were seen during CPB 
in both groups and during fentanyl anesthesia in 
group II (EF >40%). Therefore, less Phe was 
required to increase MAP 20% during these time 
periods compared to pre-anesthesia. These 
results are summarized in figure 1. There were 
no significant differences in catecholamine 
levels between groups. No patient had chest pain 
or EKG changes during Phe challenges. 


CONCLUSIONS: 

1. a AR changes during CABG surgery. This is an 
important concept since treatment with adrenergic 
agents (pressors, dilators, inotropes) occurs 
frequently during cardiac surgery. Modification 

in doses of a-adrenergic agents may be required 
during certain periods of CABG surgery. 

2. aj-adrenergic desensitization does not occur 
in awake (pre-anesthesia) patients with low 

EF. 

3. Fentanyl anesthesia, per se, may play a role in 
@)AR. Patients with normal ventricular function 
(EF >40%) required less Phe to increase MAP 20% 
when anesthetized with fentanyl. However, in 
patients with EF < 40% there was no change in PD20 
with anesthesia. This suggests an element of 
aj-receptor desensitization may have been unmasked 
by fentanyl. 

4. ajAR decreased during CPB in both groups. Less 
Phe was required during CPB to increase MAP 20% 
compared to pre-anesthesia. This suggests more 
powerful effects than anesthesia alone, such as 
hypothermia, elevated catecho_amines, or changes in 
Phe pharmacokinetics. 


FIGURE 1: 


Phenylephrine Pressor Dose 20 — EF<40 and EF>40 


* p<0.05 between groups 
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INTRODUCTION: Atrial natriuretic peptide (ANP) 
is a polypeptide hormone secreted by the heart 
which induces natriuresis and vasodilatation?. 
It is released in response to various stimuli 
including atrial stretch, tachycardia, and 
vasopressin. ANP levels increase with rewarming 
during cardiac surgery? and decrease following 
fentanyl administration in the post bypass 
period’. In order to further elucidate mecha- 
nisms of release of ANP, we tested the hypothesis 
that pressor challenge with phenylephrine (Phe) 
would increase ANP levels. 

METHODS: After institutional approval and 
informed patient consent, fifteen patients 
undergoing elective coronary artery bypass 
surgery (CABG) were enrolled in the study. 
Routine anesthetic monitors were placed and 
arterial blood sampled for baseline (pre-Phe) ANP 
levels with patients resting quietly supine. Phe 
was then administered evary five minutes in 
increasing bolus doses of 49, 80, 120, 160...mcg, 
allowing mean arterial pressure (MAP) to return 
to baseline between each Pha dose. This was con- 
tinued until MAP increased 20% above baseline. 
Arterial blood was then samaled for ANP analysis. 
Central venous pressure (CVP) was kept constant 
by adjusting fluid infusion during the challenge. 
ANP was also measured pre- and post-Phe during 
fentanyl anesthesia following intubation and 
during cardiopulmonary bypass (CPB) following 
aortic crossclamp. Plasma ANP levels were 
measured by radioimmunoassay. The Wilcoxon 
signed-rank test was used to examine the effect 
of Phe on ANP. Analysis of variance was used to 
compare changes in ANP with time (pre-anesthesia, 
anesthesia, CPB). Significance was declared with 
p<0.05. 

RESULTS: Plasma ANP increased significantly 
(p=0.01) following Phe in awake patients. During 
fentanyl anesthesia, however, Phe did not affect 
ANP. A highly significant (p=0.003) decrease in 
ANP following Phe occurrec during CPB. These 
results are summarized in figure 1. HR decreased 
5-15% and pulmonary artery pressure (PAP) 
increased 10-30% transiently with each Phe bolus 
during pre-anesthesia ana anesthesia. CVP 
Temained constant. Of nots, there was no dif- 
ference in ANP prior to Phe during pre- 
anesthesia, anesthesia, and CPB. 

DISCUSSION: Several possible mechanisms may 
account for increasing ANP efter Phe in the awake 
state. First, HR cannot account for increased 
ANP release with Phe since HR remained constant 
or decreased during the challenge. Secondly, 
although CVP was held constent, changes in atrial 
dimension may have occurred secondary to the 
effects of Phe on venous capacitance or PAP 
causing ANP release. Finally, increased MAP may 
nave contributed to the release of ANP. ANP has 
been shown to correlate with MAP during CASG?. 


Our data suggest that this effect is immediate. 
Hence, ANP may play a role in the immediate fine- 
tuning of blood pressure. 

Anesthesia appears to blunt the increase in ANP 
caused by Phe. Fentanyl anesthesia is known to 
inhibit catecholamine responses to stress and 
surgery*, and a similar mechanism may blunt the ANP 
response to a pressor "stress". Of note, fentanyl 
anesthesia does not affect pre-Phe ANP levels; this 
contradicts a previous study? in seven patients. 

Substantial reductions in ANP in response to Phe 
during CPB may be due to hemodilution, hypothermia 
or increased catecholamines*. Hypothermia has been 
shown to inhibit catecholamine release in the 
venous system and may also inhibit ANP release. 
Further investigation is needed to elucidate this 
mechanism since a reduction in ANP following Phe 
administration during CPB may contribute to 
post-CPB hypertension. 


Figure 1: ANP Levels in Response to Phe Pressor 
Challenge During Cardiac Surgery 
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Introduction: Alphag adrenergic agonists, such as 
clonidine reduce the dose requirements for 
halothane? , Since surgical or neurolytic disruption 
of central noradrenergic pathways decrease MAC, a 
likely reason for the anesthetic-sparing action of 
the alpha agonists may be a decrease in central 
norepinephrine release mediated by the auto- 
inihibitory presynaptic alpha) adrenoreceptors on 
noradrenergic neurons. However, other endogenous 
neuromodulators, including opioidergic and 
purinergic systems may also be responsible for the 
central nervous system effects of the alphag 
agonists. Clonidine increases central release of 
endorphin? and is functionally synergistic with 
adenosine as an inhibitory neuromodulator~. Also, 
postsynaptic alphag adrenoreceptors have now been 
demonstrated in the central nervous system where 
they can mediate a sedative action’. Thus, the locus 
for the MAC-sparing effect of alpha) agonists may 
not be exclusively presynaptic. Medetomidine is more 
selective as a full agonist for central alphag 
adreroceptors than is clonidine? and is available as 
both an active (D) and an inactive (L) isomer for 
the anesthetic-sparing action. We have used the D- 
isomer to probe the mediating mechanism for the MAC- 
sparing effect of the alphag agonists in rats. 
Methads: Halothane MAC was determined in male 
Sprague-Dawley rats (160-250g) before and after D- 
medetomidine (D-med), 10, 30 and 100 ug/kg or saline 
i.p. To determine whether alpha) adrenoreceptors 
mediated the MAC-sparing effect of D-med, cohorts of 
rats (n=6 for each dose) were pretreated with 
idazcxan(IDA), 10 mg/kg i.p.,the highly-selective 
alpheg antagonist. To determine whether D-med's MAC- 
reducing action was mediated in part through either 
opiate or adenosine receptors, groups of rats were 
pretreated with either naltrexone, 5 mg/kg i.p., an 
opiate antagonist; or 8-phenyltheophylline (8-PT), 
2.5 mg/kg i.p., an A, adenosine antagonist. To 
determine whether postsynaptic mechanisms mediate 
the anesthetic-sparing effect of D-med, rats were 
depleted of central norepinephrine stores with n-(2- 
chloroethy1) -n-ethy1l-2-bromobenzylamine (DSP-4)8 and 
4 days later MAC was determined before and after 
each dose of D-medetomidine. Data were analysed by 
ANOVA and where appropriate by paired t-test. A P 
value of < 0.05 was the level for significance. 
Results: D-med dose-dependently decreased MAC for 
halothane (Fig 1) such that at the highest dose, 
halothane could be discontinued for up to 60 min 
without eliciting a response to tail-clamping. 


Fig 1: Effect of D-medetomidine on halothane MAC 
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Data from the DSP-4 2-medetomidine (ug/kg) 
lesioned-rats, before D-med treatment are consistent 
with earlier studies which demonstrated a 
significant reduction in MAC (up to 40%) when 
noradrenergic pathways are disrupted. However the 
extent to which D-medetomidire reduces halothane MAC 
(~ 100%) and the fact that D-med is still able to 
reduce halothane MAC in norepinephrine-depleted 
rats, indicate that the mediating mechanism must 
involve site(s) in addition to the auto-inhibitory 
presynaptic alpha) adrenoreceptors on noradrenergic 
neurons. We speculate that central postsynaptic 
alpha) adrenergic receptors also mediate the 
anesthetic action of the alpha) adrenergic agonists. 
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INTRODUCTION Pipecuronium bromide (PIP) is a new 
steroid-type nondepolarizing muscle relaxant with a 
duration of action similar to pancuronium but 
reported to have minimal cardiovascular side 
effects.!»2 Foldes et al, demonstrated a decrease ii 
heart rate (HR) after 43 pg/kg of PIP.’ In patients 
scheduled for CABG, Tassonyi et al, showed a fall in 
HR after 50 ug/kg bolus of PIP but no change 
following 100 pg/kg nor 150 peg /kg .2 They also 
demonstrated a fall in cardiac index but no change 
in stroke volume index at doses of 100 ug/kg and 150 
ug/kg. Nguyen et al showed no change in HR when PI? 
was given with enflurane.3 Our study evaluates 
cardiovascular effects of PIP on patients having 
non-cardiac surgery under balanced anesthesia. 

Three dosages of PIP were selected to cover the 
range two to three times its EDgo. 

METHODS 30 ASA physical status I-III patients gave 
written informed consent to participate in this IRB 
approved study. All patients received morphine (0. 
mg/kg) and atropine (0.4 mg) IM as premedication. 
Anesthesia was induced with fentanyl (3-6 g/kg) and 
thiopental (3-6 mg/kg). NzO/0o (60/40) was 
administered by mask prior to PIP injection. 
Patients (10 per group) were randomly assigned to 
receive either 70, 85 or 1C0 ug/kg bolus of PIP ovez 
five seconds. HR, systolic (BPs), and diastolic 
(BPd) blood pressure were determined via an 
automated cuff (Dinamapp). Cardiac output (CO) was 
measured by a non-invasive doppler technique 
(Lawrence 3000). This method utilizes an 
ultrasonic probe placed at the sternal notch to 
neasure blood velocity at the aortic root. The 
instrument calculates CO as the product of blood 
velocity and aortic root area as determined by a 
nomogram. All CO values were the mean of at least 
two recordings. Hemodynamic data were obtained whem 
patients were awake, two tc three minutes post- 
induction but pre=PIP, and one and two minutes 
post-PIP. Statistical analysis was performed by 
one-way ANOVA for repeated measures. A p<0.05 was 
considered significant. All results are reported 
as means (+ S.D.). 

RESULTS The patients in this study ranged between 
22 to 63 years old and weighed from 48 to 100 kg. 
These variables were not significantly different 
between the groups. Only two patients, one in the 
85 ug/kg group and one in the 100 ug/kg group, were 
taking cardiovascular medications pre-operatively. 
The analysis of cardiovascular data showed no 
significant differences amcng the groups over time. 
Therefore, data for the grcups were pooled. 
Induction resulted in a drep of BPs from a mean of 
138.4 (18.6) mmHg to a mean of 121.4 (21.9) mmHg, 
p<0.01. BPd decreased from a mean of 72.4 (12.4) 
mmHg to 66.4 (16.5) mmHg, f<0.01. HR increased from 
a mean of 78.3 (19.7) bpm to 83.6 (17.3) bpm, 
p<0.05. The CO did not change significantly with 
induction, [5.5 (1.4) to 5.4 (1.5) L/min]. 
Administration of PIP led to a significant decrease 
in HR at one and two minutes but no change in CO 


was detected (Table I). This was, however, 
accompanied by significant decreases in BPs and BPd 
(Table II). 

DISCUSSION Our data confirms previous reports of HR 
slowing following PIP. In addition, under 

balanced anesthesia, we found significant decrease 
in BPs and BPd following administration of two to 
three times the EDgg of PIP. Changes in blood 
pressure following administration of PIP were 
similiar to those seen with induction. CO data did 
not show significant change. It should be noted, 
however, that the doppler CO determination may not 
be sensitive enough to detect five to ten percent 
changes. Since PIP was not administered until two to 
three minutes after induction and no further 
anesthetic drugs were given during this period, we 
feel the hemodynamic changes may not totally be due 
to extended effects of the induction drugs. The 
hemodynamic changes observed in this study could 
also represent the effects of PIP. However, since 
no change in HR is reported after administration of 
PIP under enflurane anesthesia3, it appears that 
fentanyl may also contribute in lowering of HR. 
Exact contribution cf PIP on HR changes needs 
further clarification. In conclusion, while the NM 
blocking effect of FIP is similar to pancuronium, 
the cardiovascular actions of PIP are more like 
vecuronium. 


Table I - Hemodynamic Parameters from Pooled Data 


n=30 
HR( bpm) CO(L/min) 
Pre-PIP 83 (17.3) 5.4 (1.5) 
1 min Post-PIP 76 (15)* 5.3 (1.6) 
2 min Post=PIP 75 (16)* 5.3 (1.6). 
*p<0.01 vs. NS 
Pre-PIP 
Table II ~- Hemodynamic Parameters from Pooled Data 
n=30 
BPs(mmHg) BPd( mmHg) 
Pre=PIP 121 (21.8) 66 (15) 
1 min Post-PIP 107 (19)* 60 (13.8)* 


2 min Post+PIP 105 (19.2)* 58 (12.2)* 


%p<0.01 vs. *p<0.01 ys. 
Pre~PIP Pre-PIP, 
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Introduction. The frequency of spontaneous 
lower esophageal contractions (SLEC) has been 
proposed as a measure of anesthetic depth.! The present 
study determined whether SLEC frequency could predict 
movement in response to skin incision. Because the MAC 
of halothane is reduced 25% in patients paralyzed with 
pancuronium,?2 we used this opportunity to determine 
whether vecuronium also decreases the MAC of 
halothane. 


Methods. Following approval of the Committee ` 


on Human Research, we determined the MAC of 
halothane in twelve patients paralyzed with vecuronium. 
Unpremedicated ASA | or Il patients (age: 24-63 years) 
scheduled for abdominal or perineal surgery were 
studied. Following induction of anesthesia with N20 and 
halothane only, orthopedic tourniquets were placed on 
one arm and both legs of each patient and inflated to 
300 mmHg. Nitrous oxide was discontinued within three 
min of induction. Vecuronium (0.1 mg/kg) was admin- 
istered intravenously, and each patient's trachea was 
intubated. End-tidal halothane, determined by mass 
spectrometry, was then ‘adjusted to a concentration 
determined by the Dixon "up-and-down" method (the 
interval used was 0.1% and four patients comprised each 
group). Constant end-tidal halothane concentrations 
were maintained at least. 15 min before skin incision. 
Halothane concentrations were corrected for age using a 
factor of 0.84 in patients > 55 years ‘and a factor of 1.1 
was used in those <30 years.3 A peripheral nerve 
stimulator confirmed isolation of the-extremities from 
circulating vecuronium. A positive response was defined 
as a gross, purposeful movement occurring within 
1.5 min of skin incision. Spontaneous contractions in the 
lower.esophagus were evaluated using the Lectron® 302 
monitor (American Antec Inc.). The esophageal .probe 
was positioned ~ 35 cm from the teeth and then adjusted 
to maximize heart sounds. Water volume in the pressure- 
sensing balloon was adjusted until the baseline pressure 
was 3-5 cm H20, and threshold sensitivity was set to 
15 cm H20. The predictive value of SLEC frequency 
was tested using the log-likelihood ratio.4 The MAC of 
halothane was compared with previously reported values 
using an unpaired, two-tailed T-test. P<0.05 was 
considered significant. 

Results. Figure 1 plots the number of patients 
moving and not moving in response to skin incision at 
different end-tidal halothane concentrations. The MAC of 
halothane was 0.78 + .08 (SD). In figure 2, movement 
after skin incision is plotted against the number of SLEC 
occurring during the 6 min prior to incision. With only one 
exception, patients having no SLEC in 6 min preceding 
incision did not move whereas those demonstrating 2 2 
SLEC in 6 min moved following skin incision 
(P < 0.025). i 


Discussion. The MAC of halothane in patients 
paralyzed with vecuronium did not differ from that in 
unparalyzed patients (P > 0.05).23 These results 
contrast with those obtained in patients paralyzed with 
pancuronium in whom MAC is decreased 25%.2 An 
explanation based on differences in study techniques 
seems unlikely since the methods used in each study 
were similar. Thus, these structurally similar muscle 
relaxants appear to affect anesthetic requirement 
differently. Movement following skin incision was reliably 
predicted by a SLEC frequency 22 per 6 min whereas 
absence of SLEC predicted absence of movement. 
Esophageal contractility appears to be a useful indicator 
of anesthetic depth. 
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‘Fig. 1. The number of patients moving and not moving in 
response to skin incision at different end-tidal halothane 
concentrations. Each line represents one patient. 
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Fig. 2. The number of patients moving and not moving in 
response to skin incision at different spontaneous lower 
esophageal contractility (SLEC) frequencies. Each line 
represents one patient. 
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Introduction. The extent to which thermo- 
regulation is active during anesthesia is unknown.1 Im 
patients undergoing ophthalmic surgery, similar chang3s 
in core temperature occurred during halothane/Os and 
N2O/fentany! anesthesia.2 During both anesthetics, care 
temperatures decreased to 36.2°C after 2 h, and we-e 
constant for the remainder of surgery. Thermal steady 
State occurs when heat loss to the environment equels 
metabolic heat production; it is likely that steady-state 
temperatures in these relatively normothermic patiergs 
resulted from a passive interaction with the environmen- 
(no active thermoregulation). However, this thesis does 
not exclude the possibility that steady state in sufficien-ly 
hypothermic patients might result from actire 
thermoregulatory vasoconstriction and/or nonshivering 
thermogenesis. The present study tested whether therm’ 
Steady state results from active thermoregulatior 
(profound cutaneous vasoconstriction) in hypothermic: 
patients. 





Methods. Following approval of the Committee 
on Human Research, ten, unpremedicated, ASA | or |: 
patients (age range: 26 — 57 yrs) undergoing living- 
related donor nephrectomy were anesthetized with 1% 
halothane/Og. Patients ware randomly assigned `c 
Standard treatment (no hypothermia precautions) or 
maximum warming measures (warm fluids, warmirg 
blanket, humidifier, warm room). Esophageal 
temperatures and skin surface temperature gradien-s 
(forearm — fingertip) were measured with disposab:e 
Mon-a-Therm® thermocouples. Skin temperatures wese 
measured on the non-dependent arm which was exposed 
‘0 room air and did not have an intravenous catheter or 
dlood pressure cuff. Cutaneous blood flow is known to 
eflect central thermoregulation,’ and skin temperature 
jradients correlate well with other measures of 
vasoconstriction*> and are minimally affected by ambieat 
emperature.6 The thermoregulatory threshold was: 
yrospectively defined as the esophageal temperature 
associated with a skin temperature gradient > 4°C. 
Typical skin temperature gradients during anesthesia ar 
2°C (fingertip warmer than forearm). l 


Results. Normothermic patients [36.2 + 0.2°C 
SD)] demonstrated no significant vasoconstrictior. 
dowever, each hypothermic patient displayed 
fasoconstriction at esophageal temperatures ranging 
rom 34.0 to 34.8°C [average: 34.5°+ 0.2°C (SD)] (Fic. 
). Vasoconstriction occurred at 125 + 24 (SD) min after 
nduction and core temperatures did not decrease further 
ollowing vasoconstriction. f 


Discussion. Significant vasoconstriction was 
ibserved in hypothermic patients, but not in normothermi3 
‘atients undergoing similar surgery. Our data indicata 
hat vasoconstriction in hypothermic patients results from 


active thermoregulation rather than hypovolemia or 
surgical stress. Vasoconstriction effectively decreased 
heat loss to the environment and prevented further 
hypothermia. Consequently, thermal steady state in the 
hypothermic patients resulted from active thermo- 
regulation. This finding contrasts with that in near- 
normothermic subjects undergoing ophthalmic surgery in 
whom thermal steady state appeared to result from a 
passive interaction with the environment. The technique 
used in the present study, measurement of skin-surface 
temperature gradients, is an effective, quantitative method 
of determining the hypothermic threshold temperature 
during anesthesia. 
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Figure 1. Significant vasoconstriction was observed in 5 
Patients who became hypothermic during donor nephrectomy 
surgery. Vasoconstriction did not occur in 5 other patients 
maintained normothermic. Thermoregulatory vasoconstriction 
was prospectively defined as a skin-surface temperature 
gradient (forearm temperature — finger tip temperature) > 4°C. 
The thermoregulatory threshold during surgery with halothane 
anesthesia is 34.5 + 0.2°C (SD). 
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Introduction: Bronchoscopic excision of tracheo- 
bronchial lesions by carbon dioxide laser energy has 
emerged as an effective palliative procedure. 
A beam of laser energy vaporizes tissue through 
the bronchoscope. We were concerned with the 
effects of carbon monoxide production from burning 
tissue on the inspired oxygen concentrations 
administered as part of anesthetic maintenance. 
Incomplete combustion during laser excision 
procedures could produce unacceptable carbon 
monoxide concentrations for patients. 

Methods and Materials: We undertook to study 
the relationship of two widely used anesthetic 
circuits to carbon monoxide levels produced with 
two different fractions of inspired oxygen concen- 
tration. Three patients (ASAIII) undergoing laser 
bronchoscopy were studied. Informed consent was 
obtained from the patients and approval for the 
study had been obtained from the Institutional 
Review Board. Each patient was premedicated with 
diazepam 10mg p.o. 90 minutes prior to surgery. 
All had standard routine monitoring. Usual and 
customary Laser precautions were carried out - 
eyes lubricated and taped with wet eye patches; 
OR personnel goggles were provided, etc.! Follow- 
ing induction, a Wolffe cuffed bronchoscope (water 
filled) was inserted in the trachea. All patients 
were paralyzed with pancuronium and were given 
2-5 ug/kg of fentanyl intravenously; an anesthetic 
gas mixture was then directed through the side arm 
of the bronchoscope. Carbon monoxide was measured 
in parts per million in air using chromotography 
strips specific for carbon monoxide. AlI patients 
were then maintained (a) for 10 minutes with a 
semiclosed circuit 50% O,+N,O0tpotent inhalation 
agent followed by (b) for 10 minutes 100% 02+potent 
agent. A non-rebreathing circuit (Bain's) was then 
substituted to maintain anesthesia and subsequent 
measurements were made (c) after 10 minutes of 
50% 0,+N20+potent inhalational agent and (d) after 
10 minutes of 100% 0,2 with potent inhalational 
agent. Carbon monoxide levels were determined 
at the midtrachea level after each of these time 
intervals as well as from the breathing bag after 
after 90 minutes of surgery. 

Results: Carbon monoxide levels were found 
to be inversely proportional to oxygen 
concentrations delivered when the above results 
were plotted. Recommendations resulting from 
our study include the use of a Bain's circuit 
with 100% 0, plus potent inhalation agent in a 
paralyzed patient to (1) Minimize production of 
carbon monoxide (2) Prevent accumulation of carbon 
monoxide and avoid smoke inhalation (3) Decrease 
or eliminate the inspired carbon monoxide level 
and (4) Maintain paralysis for these anesthetized 
patients thereby reducing their 0> consumption. 
Carbon monoxide was determined to be 11.5 ppm 
in the breathing bag after 90 minutes despite 
numerous circuit disconnects. 


CARBON MONOXIDE LEVELS IN VARIOUS ANESTHESIA CIRCUITS 
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Discussion: As ‘in any other form of Laser 
surgery, bronchoscopy with same necessitates all 
precautions for fire and nisfire from the laser 
beam. Carbon monoxide was detected as part of 
the "smoke" rising during laser surgery. Even 
though the amount detectec was extremely small, 
very little is known about carbon monoxide toxicity 
at low levels? and there is nothing in the litera- 
ture about carbon monoxide during anesthesia. 
Recommendation for the use of a non-rebreathing 
circuit with 100% oxygen plus a potent inhalation 
agent theoretically avoids rebreathing of "smoke 
inhalation". Delivery of 100% oxygen is necessary | 
as it reduces carbon monoxide production along 
with improved oxygen carrying capacity; it is 
also the first line of treatnent for carbon monoxide 
toxicity in the reduction and elimination of carbon 
monoxide. Potent inhalation agents along with 
a paralyzed patient during Laser surgery are 
essential for the following reasons: to reduce 
oxygen consumption whereby acquisition of carbon 
monoxide by the patient is reduced; to reduce 
the bronchospastic element in these patients; 
and to enable the surgeon to aim the laser beam 
precisely at the target. A decrease in mucociliary 
Movement is common postoperatively secondary to 
the tumor itself, anesthetics, thermal injury 
from laser beam impact and saline irrigation used 
to lower the temperature at the site of surgery. 
Carbon monoxide was measured at a position where 
it was likely to be inssired after one minute 
in a semiclosed circuit. ‘Cumulative toxic effects 
of carbon monoxide could be detrimental in a 
semiclosed circuit with a low FiO, even if of 
short duration in critically ill patients. 
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Introduction: Intracranial hypertension is a 
well-recognized complication in the perioperative 
management of patients with malignant supratentoria_ 
brain tumors of every cell-type, and this always is 
a serious concern with regard to optimal anesthetic 
care. The compromised intracranial compliance caj- 
sed by these tumors could be based on at least tec 
possible mechanisms. One possibility is that tae 
tumor causes an expanding mass-effect that gradually 
exhausts the pressure-volume reserves of the cranial 
compartment such that a relatively small increase _r 
cerebral blood volume within normal brain might 
produce a large increase in ICP. An alternative 
possibility is that impaired cerebrovascular react-— 
vity in the tumor mass might result in large im- 
creases in cerebral blood flow and consequent intra- 
cranial hypertension whenever arterial blood press— 
ure or CO tension increases. To our knowledge 
these two “possible mechanisms for intracranial hy- 
pertension have not been studied in a systematic 
fashion, although both are often invoked whenever 
ICP problems are discussed in managing malignart 
supratentorial tumors. 


Recently, the availability of Laser-Doppler Vel- 
ocimetry (LDV) has facilitated the Measurement cf 
regional cerebral blood flow in a variety of path 
logical states. LDV is an optical method that de 
rives local blood flow from the mean Doppler shift 
imparted to laser light as erythrocytes move through 
a capillary network. Its output is a "flow index" 
that reflects the mean frequency of the Doppler- 
shifted light and is linearly related to tissu 
blood flov. 


We have applied this technology to correlata 
changes in blood flow in brain tumors with normal 
brain blood flow during general anesthesia for cran- 
iotomy and tumor excision. 


Methods: 5 patients with malignant supratentoria! 
tumors (3 gliomas, 2 metastatic lesions) have beea 
the subjects of this investigation thus far. The 
protocol was approved by the local Institutiona_ 
Review Board and informed consent for the study was 
given by the patient or their nearest relative 
eneral anesthesia was induced with a thiopental- 
aitrous oxide-vecuronium sequence supplemented with 
2ither fentanyl, 3-8 ug/kg, or isoflurane, 0.42 
end-tidal concentration. Controlled ventilatior 
vas instituted to maintain PetCo, at approximatelr 
25 mm Hg. After a wide craniotomy flap had beer 
turned and the brain cortex had been exposed, = 
laser~spectroscopy flow probe was alternately placec 


over normal brain and over the brain tumor. 


Blood flow determinations were made during the 
following sequence of perturbations: 1) During hypo- 
carbia with blood pressure normal; 2) During normo- 
carbia with blood pressure normal; 3) During normo- 
carbia with blood pressure elevated by infusion of 
0.1% phenylephrine solution. Statistical comparisons 
between normal brain and tumor blood flow were per- 
formed using student’s t-test for paired data. 
P<.05 was regarded as significant. 


Results: Our results are summarized in table 1. 
Since the numerical factor for converting LDV output 
to cerebral blood flow has not yet been determined 
for human brain, all data for tumor blood flow are 
tabulated as a percentage of the flow determined in 
the same patient’s normal cortex during normotension 
and normocarbia. 


TABLE 1 
Blood Paco, Normal 
Pressure (mm fig) Cortex Tumor 
(mm Hg) 
88+5 38+1 100 1947* 
3344 2841 88432 29415* 
13742 3941 96+7 20+9% 
All Values: Mean + S.E. * = P<.05 
Discussion/Conclvsions: These observations 


indicate that blood flow through malignant supraten- 
torial brain tumers is often only a small fraction 
of normal cortical cerebral blood flow. Further- 
more, in the tumors examined thus far, blood flow 
does not change markedly with increases in arterial 
pressure above normal values, nor does it change 
vith reduction of arterial CO, tension. In con- 
trast, cerebral cortex in the vicinity of malignant 
brain tumors appears to retain both autoregulatory 
capacity and C0, responsiveness. These data support 
the thesis that intracranial hypertension occurring 
before and during operations for malignant supraten-— 
torial tumor resection results from compromised 
intracranial compliance due to the mass effect of 
the tumor, and not because of impaired vascular 
reactivity to CO, or arterial pressure within the 
tumor itself. 
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Introduction: The Bain circuit and Humphrey’s 
"A.D.E." circuit are relatively recent modifications 
of the traditional Mapjeson anesthesia circuits. 
Both have been reported '^ to function well in adult 
patients during controlled ventilation when a fresh 
gas flow (FGF) of 70 ml/kg/min is utilized, although 
it is well recognized that such a high flow of ex- 
pensive gases is exceedingly wasteful. In a recent 
study we found that the Bain circuit could maintain 
normocarbia during controlled ventilation in adults 
with a FGF of only 40 ml/kg/min. We undertook the 
present investigation to compare the efficiency of 
the Bain circuit with that of the Mapleson D mode of 
the "A.D.E." system during controlled ventilation in 
adults. 

Methods: The subjects were 20 healthy adult pat- 
ients undergoing elective surgery. This study was 
approved by the Institutional Review Board and all 
patients gave informed consent. Anesthesia was main- 
tained with an 0 -N,0-isoflurane mixture after endo- 
tracheal intubation. Inspired and end-tidal gas 
concentrations for C03, Oz N30 and isoflurane were 
monitored with a mass Zpectrométer sampling from the 
endotracheal tube. VE was determined with a Wright 
respirometer placed at the endotracheal tube. After 
estaklishing normocapnia with a circle absorber 
system, patients were randomly assigned either to a 
Bain circuit or to the A.D.E. circuit. The patients 
then were switched to the other circuit, so that 
each patient served as his/her own control. 

Cardiovascular and respiratory measurements were 
performed at the following times: 1) after 30 min of 
stable anesthesia using a Drager Narcomed II circle 
system with VE adjusted to maintain PETCO, at 35-40 
mm Hg. 2) After 30 min with either Bain or ADE cir- 
cuit using the same VE as step 1, but with a FGF 
rate sufficient to keep PETCO, between 35-40 mm Hg. 
3) After 30 min using the other circuit with the 
same VE as step 1 and the same FGF rate as step 2. 
4) 30 min after return to the circle system with the 
same FGF rate as step 3 and the same VE as step 1. A 
single arterial blood sample was analyzed just be- 
fore the end of each step. Statistical comparisons 
were performed using analysis of variance with p<.05 
regarded as significant. 


Results: Our results are summarized in the figure. 
In step 1 the required VE for these patients was 
determined to be 58 ml/kg/min + 2 (mean + SE). The 
patients who were put on the Bain circuit first 
required a FGF of 54 ml/kg/min + 2 to maintain a 
PETCO, of 35-40 mm Hg. Those using the ADE circuit 
first’ required a significantly higher FGF of 67 
ml/kg/min + 3 to maintain the same PETCO,. Further- 
more, at the same FGF rate, when the circuits were 
changed from Bain to ADE, the end-tidal C0, increas- 
ed significantly. In contrast, the reverse tended to 
occur when patients were changed from the ADE to the 
Bain circuit, although this change was not stat- 
istically significant. The corresponding PaC0, value 
during use of the Bain circuit was 42.6 mm of Hg + 
0.6, and this increased to 44.7 mm of Hg + 1.0 
(p<.05) when the ADE circuit was utilized. Patients 
who were randomized to the ADE circuit first had a 
Paco, of 45.3 mm Hg + 0.8 initially, but this de- 
creaSed to 43.7 mm of Hg + 0.9 when they were chang- 


ed to the Bain circuit (NS). No change in heart 
rate, BP, inspired or end-tidal isoflurane concen- 
tration was observed during the study. 

Discussion/Conclusions: In this carefully-control- 
led randomized study we found that the Bain circuit 
is more efficient than the ADE circuit and that 
significant savings in FGF can be realized during 
controlled ventilation if end-tidal CO, tensions are 
Monitored to ensure patient safety. While the ADE 
circuit has the advantage of being able to convert 
easily from the Mapleson "D" mode to the Mapleson 
"A" mode when a patient's breathing becomes spontan- 
eous, we conclude that the ADE circuit is not as 
efficient as the Bain circuit in conserving expen- 
sive anesthetic gases during a prolonged operation 
using controlled ventilation. 
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Introduction: The problem of detecting awareness 
under anesthesia in the paralyzed patient remains 
unsolved. Cardiovascular signs are notoriously unre- 
liable, and predictable EEG parameters indicative >Z 
consciousness have yet to be described. Although a 
variety of derived numeric descriptors have besm 
used to quantify the EEG, none is yet reliabls. 
While the presence of fast EEG activity in the alpra 
and beta range (8-26 Hz) is thought to be necessa-r 
for awareness, lately we have been impressed with 
the changes that occur in delta activity (0-4 Hz” 
during emergence from anesthesia. This study addres- 
ses the early detection of awareness by using tae 
ratio of power in the alpha and beta frequency ranze 
to that in the delta range in order to predict awaz- 
ening as patients emerge from isoflurane anesthesia. 


HNethods: The subjects were 10 adult patien-s 
undergoing routine elective surgery. This study was 
approved by the Institutional Review Board. Anesthe- 
sia was maintained with isoflurane in 02-N20 after 
endotracheal intubation. All patients were mechanic- 
ally ventilated to maintain end-tidal carbon dioxide 
between 35-40 mm Hg. No narcotics were given during 
the operation. N20 was discontinued long enougk 
before the end of surgery so that only the effec-s 
of isoflurane were being observed. At the end of the 
surgery patients were allowed to emerge from iso- 
flurane without being disturbed except that they 
were asked to open their eyes every few seconcs 
until they could follow this command. Inspired ard 
end-tidal gas concentrations for C02, 02, N20, ard 
isoflurane were monitored with a mass spectrometer 
sampling from the endotracheal tube. 


Using bilateral fronto-mastoid electrodes, the EEG 
was recorded continuously and subjected to spectrel 
analysis using an unmodified Tracor-Northern NOMZD 
EEG processor with stock software. EEG data were 
recorded on-line and stored on disc for off-lire 
quantification. EEG power-spectrum data were prce— 
cessed in 4-second epochs by deriving the ratio cf 
power in the delta range (0-4) to the power in tke 
following frequency bands: 1) alpha (8-13 Hz), 2) 
alpha and beta (8-26 Hz) and 3) alpha, beta ard 
theta (5-26 Hz). Since there is evidence that high 
frequency artifact from muscular activity (>20 Hz) 
may interfere with EEG data, we analyzed these same 
ratios using both 8-20 and 8-26 Hz. 


Results: Figure 1 is a representative record cf 
EEG power frequency data during emergence fron 
isoflurane. Arrow #1 indicates the point at which 
the delta power markedly shifts. Arrow #2 show 
where the patient opened his eyes on command. 
Because of the potential clinical usefulness of this 
change in delta power as an index of near-conscious- 
ness, we calculated the mean value for the above 
ratios over 10 epochs before and 10 epochs after tha 
observed shift. Similar calculations were made for 
the 10 epochs before isoflurane was turned off and 
for those just before the patients opened their 





eyes. We found the ratio of alpha and beta pover to 
delta power to be the most consistent among those 
examined, and these data are therefore, presented. 


(8-26 Hz) (8-20 Hz) 
40-Sec Time Period (0-4 Hz) (0-4 Hz) 
Isoflurane off 1.76 + 0.3 1.56 + 0.28 
Before delta shift 3.58 + 0.77* 2.84 + 0.63* 
After delta shift 5.31 + 0.92% 3.66 + 0.58% 
Opened eyes 5.70 + 0.71 3.86 + 0.37 


All values: Mean + SE 
* = P<.05 versus previous data point 


The mean end-tidal concentration of isoflurane was 
0.46 + 0.09 volume % when isoflurane was discontinu- 
ed, and 0.14 + 0.01 volume % when patients opened 
their eyes. The mean time between eye opening and 
the delta shift point was 3.2 minutes. The overall 
time from discontinuation of isoflurane to awakening 
was 8.3 + 0.9 minutes. 


Discussion/Conclusions: The ratio of EEG power in 
the delta frequency range to that in higher frequen- 
cies appears to be a useful tool for identifying 
stages of isoflurane anesthesia. In particular, our 
results demonstrate that it can be used to detect 
EEG activity indicative of a near-conscious state. 
This has obvious implications for the prevention of 
awareness during light levels of isoflurane anes- 
thesia. 
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Introduction: Surgical stress elicits 
circulatory responses often characterized by 
hypertension and tachycardia. However, reflex 
cardiovascular responses are complex processes 


mediated by the sympathetic and parasympathetic 
systems which provide a delicate balance. 
Arterial pressure (AP) especially is maintained 
within a relatively normal range by the series of 
positive and negative feedback loops. Therefore, 
surgical stress may elicit perturbations of AP with 
or without causing detectable hypertension. These 
perturbations of AP can be characterized by apply- 
ing spectral analysis of AP variation (APV). In 
this study we observed a series of spectral 
patterns of APV occurring during surgery and relat- 
ed the pattern to surgical stimuli. 

Methods: Five patients, ages 15 to 25 and ASA 
classification I or II undergoing spine surgery, 
were studied with institutional approval. All 
patients were monitored with ECG, radial artery 
pressure and Swan-Ganz catheterization. The output 
of the arterial pressure monitor was fed into an 
IBM AT computer. Power spectra of mean arterial 
pressure within a period of 256 seconds were 
computed using a fast Fourier transform after 
filtration of frequencies outside of 0.02 to 0.5 
Hz. A series of power spectra were displayed on a 
computer screen every 30 seconds. The patients 
were anesthetized with fentanyl (15-22 g/kg) and 
nitrous oxide in 35% oxygen. Observations of APV 
were made during the following 3 _ states: 
$l-preinduction, S2-under anesthesia without surgi- 
cal stimuli and S3-under anesthesia during surgical 
periosteal stimulations. Spectral properties of 
mean arterial pressure variations were divided into 
4 ranges: APV-1 at 0.02-0.04 Hz, APV-2 at 
0.04-0.08 Hz, APV-3 at 0.08-0.12 Hz, APV-4 at 0.12- 
0.2 Hz. Totals of 20 samples were taken during 
each state. Significance between the states were 
analyzed by student t test and P<0.05 was consider- 
ed significant. 

esults: The mean values of spectral peaks 
(mmHg"/Hz) at each state are shown in Table 1 and 
typical spectral patterns’ are shown in Figure 1. 
1) When the patients were sedated, but conscious 
(S1), there was a characteristic pattern of APV 
with most variations at 0.02 and 0.08 Hz. 2) When 
the patients were anesthetized, APV decreased 
except respiratory related variations at about 0.2 
Hz. 3) Surgical stimulation elicited slow oscila- 
tion of mean arterial pressure mostly at the range 
less than 0.04 Hz, but there were no significant 
changes in fast frequency variations related to 
respiration. 

Discussion: Cyclic variations of AP wit 
respiration is well known. Hyndman and Kitnay 
related mid-frequency (0.1-0.15 Hz) variations to 
baroreceptor reflex and low frequency (0.04-0.08 
Hz) variations to thermoregulatory fluctuations in 
vasomotor tone. Low frequency APV s been 
reported following cardiopulmonary bypass, but its 


mechanism and clinical importance has not been 
clear. We have observed that low frequency APV 
occurred in anesthetized patients associated with 
surgical stimuli and we interpreted these varia- 
tions reflected autonomic responses to surgical 
stress. Anesthetic agents modify these respons- 
es. It appears that fentanyl anesthesia shifts 
the spectral peaks of the stress responses to the 
slower frequency ranges. Spectral analysis of AP 
can be a useful measure to monitor surgical 
stress and ability of anesthetic to block stress 
in anesthetized patients. 
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Table 1 
APV-1 APV-2 APV-3 
S1 28.8414.9 28.74+22.0 1.8+1.6 


APV-4 
1,440.5 


* * 
$2 3.243.0° 0,440.2" 0.4+0.2" 12.646.8" 


+ * * 
S3 35.2422.0 2.041.3  0.940.5 10.5+6.2 


* significant as compared to Sl 
+ significant as compared to S2 
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Introduction. Total respiratory compliance (Crs) correlation coefficients when analysed by linear, 
as conventionally been measured in children during polynomial, or parabolic equations. Therefore Crs 
inesthesia with muscle paralysis by inflating the was calculated as the slope of the linear regression 
-ungs with a known quantity of gas via an endo- of the V.P data for each child. Individual Crs values 
‘racheal tube and measuring airway pressure under correlated with the height of the child (Figure 1) 
‘tatic conditions (1). This invasive technique is not according to the equation: 


tuitable for children breathing spontaneously from 


> : Crs(ml/cmH20) = 0.33xHeight(cm) - 14.0, r=0.94 
n anesthetic mask. A new technique, termed “volume 


‘ecruitment", has been developed for measuring Crs Intra-subject CV for Crs was 14.8 +8.3%. 

n sedated infants who are breathing from an 

nesthetic mask (2). We have applied this technique Discussion. Crs can be safely, rapidly and 

© infants and young children during halothane reliably measured in the anesthetized infant or child 
nesthesia in order to gather information, not who is spontaneously breathing via an anesthetic 
reviously available, on Crs during spontaneous mask using a non-invasive method of volume recruit- 
reathing with halothane. ment as described. The correlation of Crs to height 


is similar to that described for Crs measured in 
young children who are anesthetized and paralysed, 


Methods. Following approval of the protocol by and ventilated via an endotracheal tube. (Figure 1). 


he Helsinki committee of this hospital, and with 

nformed consent from the parents, 10 ASA class I 

hildren from ages 1 month to 3 years were tested References. 

uring anesthesia immediately prior to elective 

urgery. They received pre-anesthetic sedation with 

riclofos and were anesthetized with 1.5 to 2% 

alothane in oxygen during continuous ECG and 

xygen saturation monitoring. They breathed 

pontaneously from a Rendall Baker mask sealed to 

he face with soft silicon putty. A pneumotachograph 

as attached to the mask for measurement of flow 

nd volume, and mask pressure (Pm) was measured 

rom a side-port. A T~piece apparatus incorporating 

wo uni-directional valves,which ensured one-way 

low, was attached to the pneumotachograph, and the 

nesthetic apparatus was attached to the inspiratory 

ort of the T-piece. During spontaneous breathing, 

he expiratory port of the T-piece was occluded, and 

he subject could therefore inspire from the 

nesthetic circuit, but was totally occluded in 

xpiration. Throughout 4 or 5 respiratory cycles, 

2 progressively recruited volume during inspiration. 

nd,during attempted expiration, relaxed his 

2spiratory muscles as shown by a plateau on the Pm 

ignal. This plateau Pm (P) and the corresponding 

aspired volume (V) were used to plot a V.P curve 

rom which Crs was calculated. Intra-subject 

ariability was determined by calculating Crs of 

ae individual volume recruitment maneuvers for each 

ibject and determining the CV (s.d./mean) of the 60 7 

ive or more meneuvers in each child. Height (em) 

Figure 1. Correlation of Crs with height for the 

Results. There were no changes in the clinical subjects.of this study with the linear regression 

ondition of the subjects, or in the monitored (solid line). This is compared with the summary 

arameters, including oxygen saturation, during the equation of Sharp et al (1) for Crs vs. height in 

2asurements. V.P curves were obtained with similar anesthetized, paralysed, intubated subjects (hatched 

line). 
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Danon J: Total respiratory compliance in infants 
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Introduction Despite recent advances in the 
anesthetic management of patients undergoing open 
heart surgery (OHS), little is known concerning the 
depth of anesthesia during various surgical 
stimuli. Presently, clinical, hemodynamic, electro- 
encephalographic (EEG), or somatosensory evoked 
potential (SEP) measurements are used to monitor 
depth of anesthesia. Occasionally, awareness has 
been reported in patients without changes in these 
monitors. Recently, continuous monitoring of 
spontaneous and provoked lower esophageal contract- 
ility (SLEC and PLEC) has been shown to,be useful 
for evaluating the depth of anesthesia. Tertiary 
esophageal contractions are stress related and 
their presence during anesthesia may indicate an 
inadequate depth. The present study was designed 
to (1) evaluate the depth of anesthesia during OHS 
and hypothermic cardiopulmonary bypass (CPB) 
utilizing high-dose fentanyl or isoflurane 
anesthetic techniques, and (2) compare LEC with 
other signs of anesthetic depth. 

Methods With institutional approval and 
informed consent, measurements were performed on 22 
patients for elective OHS. All subjects received a 
standard premedication of lorazepam, 2~4 ng, 
orally, and then were randomly assigned to one of 
two groups. Group A (N=11) received high-dose 
fentanyl (75-125 mcg/kg) and Group B (N=11) 
received an induction dose of thiamylal sodiun, 

2-4 mg/kg, I.V., and isoflurane (0.5-2.5% end-tidal 
concentration). A continuous infusion of atracur- 
ium was used for muscle relaxation. Both groups 
were ventilated with an FiO, of 1.0, and the end- 
tidal CO, was maintained at 40 mmHg. Standard 
hemodynamic monitoring for OHS was utilized. In 
addition, the EEG was monitored using frontal and 
parietal leads bilaterally and frequency (EEGF) was 
analyzed by spectral analysis. Median nerve SEPs 
were recorded over the brachial plexus and contra- 
lateral sensory cortex (N-19). The SEP latencies 
(SEPL) were corrected for temperature. The 
Neurotrac* spectral analyzer was used for 
monitoring both the EEG and SEPs. Following 
intubation, a disposable esophageal balloon-tipped 
probe for the continuous monitoring of SLEC and 
PLEC was inserted and the data was displayed and 
recorded by the Lectron 302.** Total LEC activity 
was calculated and displayed by the monitor as the 
esophageal contractility index (ECI); ECI = 70 x 
SLEC + PLEC. The ECI was compared with hemodynamic 
measurements (MAP, HR), EEGF and SEPL at: (I) 
postintubation; (II) sternotomy; (III) CPB - 
cooling, esophageal temperature (ET) 32-28°C; (IV) 
CPB with ET <25°C; (V) CPB - rewarming ET 28-32°C; 
(VI) post-CPB; (VII) sternal closure. The 
anesthesiologist was blinded to the EEG, SEP, and 
LEC monitoring, and anesthesia was administered 
using only clinical signs. Data was analyzed by 
chi-square analysis, Student's t-test, and analysis 
of variance; a p value of less than 0.05 was 
regarded as significant. 

Results Groups A and B were not significantly 
different by hemodynamic, EEG, SEP, or LEC 
criteria; thus, only the combined data is shown in 
the Table. Of the 23 significant hemodynamic 


episodes, 78% were accompanied by LEC and/or EEG or 
SEP changes. Of 33 EEG/SEP episodes, 45% were 
accompanied by LEC and/or hemodynamic changes, 
while only 35% of the 55 LEC episodes (ECI > 50) 
were accompanied by EEG, SEP, or hemodynamic 
changes. There were significantly more EEG, SEP, 
or LEC events than hemodynamic events. There were 
more episodes detected by LEC(ECI) than by any 
other parameter. Upon postoperative followup, no 
patients reported awareness during the operation. 

Discussion The frequency and amplitude of 
lower esophageal contractions has been proposed as 
a correlate to anesthetic depth. During deep 
anesthesia there is little or no intrinsic esopha- 
geal activity, while during light anesthesia, LEC 
is evident. An increase in anesthetic dose, such 
as an additional dose of fentanyl or a change in 
the inspired concentration of volatile anesthetic, 
is sufficient to suppress LED. LEC is not affected 
by skeletal muscle relaxants since the musculature 
of the lower half of the esophagus is nonstriated. 
The motor activity of the esophagus is 
predominantly controlled by brain stem nuclei and 
mediated by vagal pathways. It is assumed that the 
inhibitory effect of anesthesia upon LEC results 
fron the central neurological effect of the 
anesthetic agents. 

The present study revealed that 65% of 
increased LEC episodes and 55% of increased EEG/SEP 
combined episodes were not accompanied by changes 
in other parameters. Since 78% of hemodynamic 
changes, the traditional measure of anesthetic 
depth, were accompanied by LEC and/or EEG/SEP 
changes, it is doubtful that the data resulted from 
falsely positive signals. The data suggests that 
an inadequate depth of anesthesia during OHS may be 
more common than previously appreciated, and 
sophisticated cerebral or esophageal measurements 
may be able to detect it during OHS. 

* Interspec, Inc., Philadelphia, Pennsylvania 
**k American Antec Inc., Valencia, California 


TABLE 
Hemodynamic, Cerebral, and LEC episodes 

Stages I II III IV V VI VII 
MAP or HR# (>20Z4) 5 8 O*@ O*@ 048 3 7 
EEG ( > 20% A) 2 3 1 O* I 5 8 
SEP ( > 20% A) 2 0 3 5* l 1 1 
SLEC ( > 3/5min) 11 7 7 4 4 9 5 
PLEC ( > 30 mmHg) 9 oG 2 2* 2 8 3 
ECI ( > 50) 13 7 8 5 4 Il 7 


* Mean value significantly changed from baseline 
# Significantly fewer overall episodes than other 
measures 
@ Significantly fewer episodes than observed at 
other events. 
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Introduction. Pneumocephalus is a described 
complication of surgery in the seated position ir 
leurosurgery where air enters through the surgical 
‘Leld and tracks forming an air pocket between the 
rain and the most supericr portion of the skulL 
somatosensory evoked response (SSEP) monitoring 
as also been used during spine or neurosurgery 
n the sitting position to monitor neural pathways 
hich may be at risk during the surgery. Two re- 
orts (1,2) have noted alterations in the cortical 
mplitude of the SSEP response with pneumocephalus. 
‘his is presumably due to the layer of air betweeq 
he brain and recording electrodes on the scalo 
ausing a reduction in transmission of the gene- 
ated signal. We examined the correlation of this 
inding with pneumocephalus in our patient popula- 
ion. 


Methods. Twenty-one patients undergoing neuro- 
urgery for tumors in the posterior fossa partici- 
ated in this institutionally-approved study con 
ucted between July 28, 1986 and February 25, 1987. 
postoperative computerized tomogram was conduc- 
ed within three days postoperatively to evaluate 
he perioperative intracrarial structures; pneumo- 
ephalus was documented by the appearance of post- 
perative air which was not present preoperatively. 

During the surgical procedure’ brainsten audi- 
ory and somatosensory evoked responses were moni- 
cred and alterations in the amplitude or latency 
sted. The median nerves were stimulated by ste- 
ile subdermal needle electrodes unilaterally by 
300 microsecond constant current square wave a- 
milliamps above the determined motor threshold 
t 8.7 Hz. Responses were recorded by a Nicolec 
astruments CA-1000 signal averager using bandpass 
iltration of 5-250 Hz and analysis window of 50 
illiseconds. Averaged responses of 250 artifact 
cee stimulations were recorded. For the purposes 
> this study, an alteration in the MN-SSEP was 
ynsidered to be significant if the corticaly de- 
ived amplitude (N20 to P25) of either median 
ərve response decreased repeatedly to less tham 
% of its running baseline value or if the latencr 
Z the either N20 peak increased in excess of 10% 
? the running baseline value. 

Anesthesia was conducted using Sodium thiopen- 
il or midazolam induction followed by infusions 
: the induction drug. Fentanyl or sufentanyl was 
venas a bolus at induction and contimed as 
fusion or intemmittent small boluses. The pa- 
-ents were paralyzed with pancuronium and venti- 
ited with air and oxygen. Nitrous oxide was mt 
ied during the procedure. , 

Chi-squared analysis was utilized to compare 
le occurrence of pneumocephalus and evoked re- 
onse changes. 


Results. Ten incidents of pneumocephalus were 
documented in these 29 patients. Seven patients 
had charges in the SSEP amplitude or latency. 

These results are tabulated in Table I. 


Table 1 

Occurrence of Pneumocephalus and SSEP Changes 
SSEP No Change Change 

Pneumocephalus 

Yes 3 7 

No 11 0 


Of the 10 cases of documented pnewmocephalus, only 
seven had alterations in the MN-SSEP. No patients 
had MN-SSEP changes occur during the procedure with- 
out documented pneumocephalus, and three patients 
had pneumocephalus without MN-SSEP changes. The 
chi-square value for the data is 11.55 (p < 0.001). 


Discussion. The loss of MN-SSEP evoked respon- 
ses during a surgical procedure may signal a patho- 
logic injury or ischemia to that portion of the 
nervous system which subserves the neural transmis- 
sion of the evoked response. Other factors, such 
as anesthesia or technical factors may cause alte- 
rations which confuse the interpretation of poten- 
tial neural injury. Pneumocephalus, which occurred 
in 10 of these 21 procedures is one of these inter- 
fering factors. 

The knowledge that intracranial air has occurred 
is of value to consider alteration in the use of 
nitrous oxide during anesthesia, as well as for 
consideration in the differential diagnosis of slow 
awakening. 

The failure of MN-SSEP to always predict pneumo- 
cephalus may represent differences in the quantity 
of air and the actual position of the patient (i.e., 
whether the air collected between the cortical gene- 
rators and the electrode positions. Thus MN-SSEP 
responses do not always predict pneumocephalus. It 
is of interest, however, that all MN-SSEP charges 
in this study occurred in patients with pneumoce- 
phalus despite the possibility of SSEP changes from 
neural injury. 
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Introduction. Current FDA-approved methods 
for intraoperative spinal cord monitoring are the 
wake-up test, the somatosensory evoked potential 
(SSEP) and the electrical motor evoked potential 
(MEP). However, each of these have potential 
disadvantages: the wake-up test involves the risk 
of inadvertent extubation and repeated induction 
of anesthesia, SSEP may renain unchanged after 
spinal cord injury (1) and electrical MEPs are too 
painful for preoperative assessment (2). Since 
the magnetically—induced MEP avoids these 
disadvantages, it is currently under investigation 
for intraoperative monitoring. As a necessary 
first step, we optimized stimulation sites and 
assessed the effects of magnetic cortical 
stimulation on mental status in the absence of 
anesthesia. 


Methods. ‘Twelve non-medicated, 
neurologically normal, adult volunteers were 
studied with IRB-approved informed consent. 

Mental status examinations were given 

before and after stimulation (3). Subjects were 
stimulated at 80% of maximum with a Cadwell MES-10 
magnetic stimulator that was triggered by a 
Cadwell 7400 evoked potential monitor. The center 
of the 9 moil was placed precisely over the 
stimulation site. Subjects were stimulated at 
approximately 1 s intervals at 8 cortical sites. 
Averaged EMG responses from triplicate 
stimulations were obtained from the tibialis 
anterior and the first dorsal interosseous muscles 
bilaterally. Using the International 10-20 
electrode placement system as a reference, the 
sites were as follows: 1) 5% of the inion to 
nasion distance posterior to Cz, 2) 5% posterior 
to the point midway between Cy tnd Co, 3) 5% 
Posterior to Co, 4) 5% poster‘or to &,- Sites 5 
through 8 were an additional 5% of thé inion to 
nasion distance posterior to sites 1 through 4, 
respectively. 


Results. Figure 1 shows a typical response 
obtained by stimulating site 4. Waveforms 1 and 3 
represent the right am and leg, respectively. 
Waveform 2 represents a typical left hand 
response, which is characterized by an N, wave 
with a mean latency of onset of 23.16 41.32 (SD) ms 
and a mean amplitude of 1.43+1.09 mV and a P} wave 
with a mean latency of onset of 29.30+1.98 ms and 
a mean amplitude of 1.22+1.01 mV. Waveform 4 
represents a typical left leg response which is 
characterized by an N} wave with a mean latency of 
onset of 31.8542.04 ms and a mean amplitude of 
0.19+40.14 mV. Stimulation at site 4 produced a 
contralateral hand and leg response in 10 of the 
12 subjects, making it the most reliable. Central 
sites tended to stimulate the hands bilaterally 
and, in about half of the cases, a small bilateral 
leg response. The lateral sites tended to elicit 
a contralateral arm and leg response. No 
significant changes were noted between the mental 
status exams before and after the stimulation and 
no significant aftereffects were noted. 


(Neurological), School of Medicine, University of 


Discussion. This study showed that it is 
possible and safe to obtain an MEP from both the 
upper and lower extremities from a single magnetic 
stimulation site over the motor cortex. ‘The 
largest percentage of usable response was produced 
at site 4. 


Acknowledgements. 7400 Evoked Potential 
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Introduction. The effect of reversal 
agents depends on the degree of spontaneous 
recovery when they are injected (1,2). It 
has been suggested that neostigmine is a 
better antagonist of profound blockade than 
adrophonium (2,3). The purpose of this 
study was to determine dose~response rela- 
tionships and potency ratios for edropho- 
nium and neostigmine as antagonists of deep 
(99%) or moderate (90%) atracurium block- 
ade. 


Methods. The protocol was approved by 
the Hospital Ethics Committee. Eighty ASA 
status I and II adults undergoing elective 
surgical procedures were studied. Anesthe— 
sia was induced with thiopental 3-5 mg/kg 
and maintained with N20 70% in 02 and en- 
Elurane 0.5-1.0% end-tidal. Evoked force 
2f contraction of the adductor pollicis was 
neasured using train-o=-four stimulation 
2very 12 seconds. Atracurium 0.4 mg/kg was 
administered and enflurane concentrations 
vere maintained constant. Patients were 
randomly assigned to receive neostigmine 
(.005, .01, .02 or .05 mg/kg) or edropho- 
rium (.1, .2, .4 or 1 mg/kg) at either 1% 
(deep), or 10% (moderate) spontaneous reco- 
very of first twitch height (Tl) relative 
zo control. Linear regressions were ob- 
cained between the logit transformation of 
(1 recovery and log dose for each minute up 
z0 15 minutes following the administration 
£ the antagonist. The doses expected to 
yxroduce 80% recovery (ED80) of Tl with 
loderate and deep blockade were compared 
ising Student's t test. Results are expre- 
ssed as mean + SEM, and a P value < 0.05 
vas considered significant. 


Results. At 7 and 10 minutes after 
idministration of the reversal agent, sig- 
iificantly more neostigmine and edrophonium 
vas required for 80% Tl recovery from deep 
rersus moderate atracurium blockade 
.Figure). Compared with moderate blockade, 
leep blockade required 1.5-3 times as much 
leostigmine and 4-8 times as much edropho- 
tium to achieve the same degree of twitch 
‘ecovery. Edrophonium was relatively less 
‘ffective against deep blockade. Potency 
‘atio (ED80 edrophonium/ED80 neostigmine) 
it 10 min was significantly greater with 
leep (35.4 + 8.9) than moderate (16.6 + 
i2) blockade (p < 0.025). 


Discussion. The study demonstrated that 
the dose-response relationships for edro- 
yhonium and neostigmine as antagonists of 
itracurium blockade depends critically on 
the degree of spontaneous recovery. This 
S especially true of edrophonium, whose 
tency, compared with that of neostigmine, 
creases markedly when used to reverse 
eep blockade. Thus, neostigmine may be 


superior to edrophonium as an antagonist of 
deep atracurium blockade. 
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Figure. First twitch height ED80 of neo- 
stigmine (bottom) and edrophonium (top) as 
antagonists of moderate (90%) or deep (99%) 
blockade. Bars represent SEM. 
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Introduction. Giving neostigmine in 
divided doses (priming) may accelerate re- 
versal of atracurium blockade, using train- 
of-four stimulation (1). However, TOF is 
associated with a more rapid onset of neuro- 
muscular blockade than single twitch (ST) 
{2). This study was designed to determine 
whether TOF also accelerated the apparent 
onset of action of neostigmine, and whether 
the "priming" effect could be a consequence 
of the mode of stimulation used. 


Methods. The protocol was approved by 
the Hospital Ethics Committee. Fourteen 
adult patients undergoing elective surgical 
procedures and who gave informed consent 
were studied. Anesthesia was induced with 
thiopental 3-5 mg/kg, and maintained with 
nitrous oxide 70% and enflurane 0.5-1.0% 
end-tidal. The enflurane concentration was 
maintained constant in each patient. The 
ulnar nerves of both elbows were stimulated 
using train-of-four (TOF) every 12 s, and 
the evoked force of contraction of both 
adductor pollicis muscles was measured. 
Atracurium 0.5 mg/kg was administered. 

When first twitch height (Tl) in either 
adductor pollicis recovered spontaneously 
to 1% of control, one arm was selected at 
random to receive single twitch (ST) stimu- 
tation, while TOF stimulation continued to 
be delivered to the other arm. When the 
mean Tl of both adductor pollicis had reco- 
vered to 10% control, patients were random- 
ly assigned to receive neostigmine 0.04 mg/ 
kg administered as a single bolus or as a 
divided dose (initial dose = 0.01 mg/kg, 
followed 3 minutes later by 0.03 mg/kg). 
Recovery of Tl obtained by TOF was compared 
with ST using Student's paired t test. The 
effects of single and divided doses of neo- 
stigmine were compared using unpaired 
Student's t test. Results are expressed as 
mean + SEM. A P value < 0.05 was consider- 
ed significant. 


Results. There was no statistically sig- 
nificant difference between the height of 
the first twitch on train-of-four and single 
twitch height (Figure). Compared with 
single doses, administration of neostigmine 
in divided doses (priming) resulted in an 
initially slower recovery of Tl. However, 
no differences were observed at 10 min 
(Figure). At 5 min, TOF ratio was 53 + 4% 
and 28 + 3 min for single and divided doses 
respectively (p<.001). At 10 min, it was 
72 + 2 and 65 + 5 respectively (N.S.). 


Discussion. This study demonstrated 
that the time courses of neuromuscular 
blockade reversal measured by TOF and ST 
were very similar. This is in contrast to 
the marked acceleration of atracurium onset 


time associated with TOF stimulation, which 
was attributed to the muscle contraction- 
induced increase in blood flow (2). In the 
present study, blood flow increases were 
negligible because of the profound neuro- 
muscular blockade at the time neostigmine 
was injected. When neostigmine was admini- 
stered in divided doses (priming), a signi- 
ficant slowing, instead of an acceleration, 
of reversal was observed. The reasons for 
the discrepancy between this study and a 
previous ore (2) are uncertain. It is con- 
cluded that (1) the effect of neostigmine 
can be measured with either ST or TOF, and 
(2) "priming" with neostigmine does not 
appear to be effective. 
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Figure. First twitch height in train-of- 
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with neostigmine given in single or divided 
doses, versus time after first administra- 
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Introduction. Various techniques and devices 
are available to assist clinicians in assessing a 
patient's depth of anesthesia. Many investigators 
have looked into the effects of different anesthetic 
agents on the electrical activity of the brain 
(EEG). The classical clinical signs of anesthetic 
depth! - blood pressure, heart rate, pupil dilation. 
respiration, etc. can be obfuscated with today's 
modern anesthetic drugs and techniques. Several 
studies? 3 have shown that monitoring the EEG can 
indicate CNS status and could enhance depth 
assessment for most general anesthetic techniques. 

The problem with monitoring the EEG is that at 
best it is difficult to interpret. In trying to 
simplify this task, several derived parameters have 
been proposed, using different techniques of 
waveform analysis. Puritan-Bennett's ABM-2 monitor 
uses zero-crossing frequency (ZXF), and average 
amplitude. Neurometric's Lifescan monitor uses an 
algorithm to calculate the "activity edge frequency' 
(AEF), which tracks the upper limit of frequency 
content in the EEG signal, similar to spectral edge 
frequency. This study assesses the relationship 
between normal sleep EEG and anesthetic sleep EEG 
using these two different waveform analysis 
techniques. 


Methods. Six adult patients scheduled for 
elective surgery with general anesthesia were 
studied. Four adult subjects were studied for 
normal sleep data. All of the subjects had 
electrodes placed on the lateral edge of the 
frontalis muscle and on the posterior auricular 
muscle. A ground reference electrode was placed 
over the middle of the frontalis muscle. 

The recorded EEG signal was input to both the 
ABM-2 and the Lifescan EEG monitors. The processed 
output data was collected on a DEC/MINC computer anc 
averaged to obtain the low, average, and high AEF 
and amplitude values for each of the periods of time 
considered. The data was collected during deep 
anesthesia for the intra-operative subjects. Four 
standard stages were assessed for each of the normal 
sleep subjects by visual inspection of raw 
waveforms. These stages are: stage 1 
(transitional), stage 2 (first sleep stage), delta 
sleep (deep non-REM sleep), and REM (dream sleep). 


Results and Discussion. The statistical means 
and standard deviations of the data are shown in 
tables 1-4. The data points out the significant 
differences in the two waveform analysis techniques. 
An examination of the EEG raw waveforms shows 
significant difference between deep anesthesia and 
all four normal sleep stages as shown in figure 1. 
The ABM-2 ZXF seems more sensitive to EEG signal 
frequency variance, because more of the EEG signal 
content is at the lower frequencies. The Lifescan 
monitor has a wider range of frequencies for the 
same data. The Lifescan seems more sensitive to EEG 
signal amplitude variance. For the comparison of 
the normal sleep stages to deep anesthesia, deep 
anesthesia had a significanzly larger difference in 


the frequency value for the ABM-2 than did the 
Lifescan. The Lifescan monitor had a larger 
difference in the velue of amplitude during deep 
anesthesia than during the four sleep stages. In 
general, the visually apparent differences in EEG 
raw waveforms were not reflected by significant 
differences in the derived parameters of either 
device. 
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introduction: Ketamine is a safe, rapidly acting 
parenteral anesthetic and analgesic which in many 
ways comes close to satisfying the criteria for an 
ideal intravenous anesthetic. However, significant 
drawbacks are a possibly dose-related incidence of 
unpleasant emergence reactions in 5-30% of patients, 
and a transient dose-related rise in rate-pressure 
product and cardiac index (1). Sufentanil is a syn- 
thetic ultra-potent opioid analgesic which, in high 
doses, produces amnesia and loss of consciousness 
(2). In more noderate doses as part of a balanced 
anesthetic, it provides hemodynamic and autonomic 
stability. Truncal rigidity and respiratory depres- 
sion seem to be the major side effects (2). We hypo- 
thesize that low dose ketamine combined with low to 
moderate dose sufentanil will: (a) provide amnesia 
and loss of consciousness for laryngoscopy and endo- 
tracheal intubation; (b) provide, as part of a 
routine balanced anesthetic, profound analgesia 
similar to a sleep dose of narcotic but without 
significant postoperative respiratory depression; 
(c) by combining sufentanil and ketamine, totally 
prevent emergence phenomena while maintaining 
cardiovascular stability. 


Methods. With institutional ethics committee 
approval, 30 ASA I or II adults, age 18-60, were 
randomized in a double-blind fashion to one of three 
different induction techniques. Group I received 0.1 
ug/kg sufentanil, followed 3 mins later by 0.3-0.6 
mg/kg ketamine. Group 2 received 0.5 ug/kg 
sufentanil, followed 3 mins later by 0.3-0.6 mg/kg 
ketamine. Group 3, control, received saline fol- 
lowed by pentothal, 4-5 mg/kg. One minute following 
loss of consciousness, all patients received 1.5 mg/ 
kg succinylcholine and intubation was performed one 
minute later. IPPV was instituted and anesthesia was 
maintained with 60% N20 in 02, vecuronium and iso- 
Zlurane as required to maintain heart rate (HR) and 
mean arterial pressure (MAP) within + 20Z of base- 
line. HR and MAP were recorded at induction, 2, 4, 
Ó, 9, and 14 mins, and at 5 min intervals there- 
after. Objective (by an investigator unaware of 
anesthetic technique) and subjective linear analogue 
pain scores were obtained in the recovery room, and 
patients filled out a questionnaire at 24 hrs 
postoperatively. 


Results. There were no significant differences 
between groups for age, height, weight, ASA class- 
ification, duration of laryngoscopy, duration of 
surgery, or type of surgery (p<0.05). 

End-tidal C02 concentrations were not signifi- 
cantly different following pre-treatment with either 
dose of sufentanil (Group 1, 4.29% + 1.03; Group 2, 
3.567 +2.15) compared to saline (Group 3, 4.14% + 
0.85) (p<0.05). No patient in Group 1 required sup- 
plenentation with pentothal to achieve unconscious- 
ness; however, 3 patients in Group 2 required pento- 
thal supplementation; all patients in Group 3 lost 
consciousness with the single 4-5 mg/kg dose of 
pentothal. Mean ketamine dose in Group 1 was 0.36 
ng/kg (+0.126), and in Group 2, 0.48 mg/kg (+0.155). 

The incidences of rigidity were not different 
between the three groups (p<0.05). 


HR and MAP rose significantly higher from base- 
line immediately following <ntubation, and 2 mins 
later in Group 3 (control) conpared to Group 1 (see 
Tables 1 and 2). 

Postoperatively, the incidences of nausea, 
vomiting and dreaming were not significantly differ- 
ent between the three groups {p<0.05). There were 
no incidences sf awareness. 

Objective pain scores at 30 mins postopera- 
tively were significantly lower in Group 1 (2.61 + 
1.57) compared to Group 3 (4.34 + 1.25), (p<0.05), 
though at 60 and 90 mins postoperatively no differ- 
ences were notad. No significant differences between 
subjective pain scores were noted at any time 
(p<0.05). 

There was no difference in the incidence of 
bradypnea (RR<12) between the three groups (p<0.05). 


Discussion. The combination of low to moderate 
dose sufentanil followed by low dose ketamine seems 
to provide many of the advantages of each agent 
while minimizing their disadvantages. In particu- 
lar, 1 ug/kg sufentanil, followed by 0.3 - 0.6 mg/kg 
ketamine seems to provide amnesia and unconscious- 
ness, stable hemodynamics during intubation, and 
superior early postoperative analgesia compared to 
pentothal. These advantages do not seem to be 
accompanied by an increased incidence of preinduc- 
tion rigidity or postoperative nausea, vomiting or 
respiratory depression. 
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TABLE 1 
INCREASE IN MEAN ARTERIAL PRESSURE 


Immediately 2 mins after 

after intubatior intubation 
Group 1 * 7.5 + 13.5 mmHg * 0.4 + 15.2 muig 
Group 2 12.4 + 07.6 mmHg 14.0 + 14.6 mmHg 
Group 3 26.3 + 22.2 mmHg 24.2 + 17.8 mmHg 


* Group 1 significantly different from 
Group 3 (p<0.05). 





TABLE 2 
INCREASE IN HEART RATE 


Immediately 2 mins after 
afcer intubation intubation 
Group 1 * 9.1 + 16.6 *0.7 + 12.7 
Group 2 19.2 + 11.3 17.8 + 17.7 
Group 3 29.7 + 13.6 25.1 ż 12.8 


x Group 1 significantly different from 
Group 3 (p<0.05). 
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Introduction. The ability to determine serun 
glucose values accurately and quickly during surgery 
is essential for patient safety. Presently, intra- 
operative glucose analysis is performed in hospital 
laboratories that utilize glucose oxidase method- 
ology. Although reliable, this method is costly i7 
terms of money, time and personnel. Reflectanc2 
photometers quantitate the color developed during a 
series of chemical reactions when whole blood i3 
placed on a reagent stick. This technology has bee. 
successfully employed by diabetics for self- 
monitoring of insulin therapy, but has never bee) 
evaluated for intraoperative use. This stud) 
investigated the suitability of employing th2 
Glucometer II Blood Glucose Meter (Ames Division; 
Miles Laboratories, Elkhart, Indiana) during 
surgery. 


Methods. The study population consisted of 93 
patients undergoing surgery who required arteria 
catheters and intraoperative serum glucose deter- 
minations. The age of the subjects ranged from 
three months to 92 years. The investigation was 
approved by the Committee for the Protection o7 
Human Subjects of the Medical School. Within five 
minutes after a heparinized arterial specimen was 
drawn for laboratory glucose determination employing 
the Astra IV (Beckman, Puerto Rico), whole blood 
glucose values were measured from a capillary, as 
wel] as arterial, sample using the Glucometer II 
Individuals using the Glucometer II were properly 
trained and exhibited a level of proficiencr 
established by the Ames Division, Data was analyzed 
by least square linear regression analysis 
correlation coefficient and standard error. 


Results. Overall, a highly significant linear 
association was observed between capillary anc 
arterial values determined by the reflectance photo- 
meter and that obtained by the glucose oxidase 
method, Figs 1 and 2 respectively. There was ē 
general trend towards greater absolute anc 
percentage deviation with higher serum glucose 
values over 200mg/d1. The coefficient of variatior 
for the Glucometer II was 4.82% at 151 mg/dl (n = 
10) and 8.84% at 96mg/d] (n = 10). The range ot 
blood glucoses observed was 83-313mg/d1, 5% less 
than 90mg/d1 and 8% greater than 250mg/d1. 


Discussion. The hospital laboratory values were 
approximately 11% higher than the Glucometer II. 
These results are consistent with the fact that 
serum or plasma values are about 10-15% higher thar 
those of whole blood (1). The accuracy of reflect- 
ance photometers such as the Glucometer II is highly 
dependent on the skill of the user and: quality 
control of testing procedures and equipment, The 
visual interpretation of test strips without a meter 
may be accurate to only +30-40% of values obtainec 
from more standard methods and are too inaccurate tc 
be of practical clinical benefit over the range of 
blood glucose commonly encountered in the operatinc 
room. In conclusion, intraoperative use of ē 
reflectance photometer such as the Glucometer I! 


will afford the anesthesiologist with accurate and 
readily available glucose determinations. The 
Glucometer II is light-weight, compact, convenient to 
use and easily transportable, taking only 50 seconds 
for each test. 


References. 
i. Clinical Laboratory Medicine. Richard Ravel 
Yearbook Medical Publishers, Inc., Chicago, 1974, p. 
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Introduction. The rational and optimal use of 
the shorter acting non-depolarizing muscle 
relaxants, vecuronium and atracurium, necessitates 
routine monitoring of their neuromuscular effects. 
This investigation evaluated a simple method which 
can replace the widely used visual and tactile 
evaluation of the train of four (T4) responses by 
providing the anesthesiologist with a graphic 
display of the T4 responses on any standard blood 
pressure (BP) monitor screen. The anesthesiologist's 
assessment of the degree of neuromuscular blockade 
(NMB) based on the displayed T4 responses, was 
compared with the simultaneously recorded mechanical 
measurements. 


Method, Eighty healthy adult patients of both 
sexes with a mean age of 44 and mean weight of 68 kg 
undergoing elective outpatient procedures were 
randomly assigned to 2 groups of forty. 
Institutional Review Board approval was secured and 
informed consent was obtained from all patients, 
Anesthesia was induced with sodium thiopenthal 2-3 
mg/kg and maintained with a 4:2 L/min N0-0 mixture 
supplemented with incremental doses of Fentanyl 
0.005 mg/kg. The priming dose of 0.01 mg/kg 
vecuronium or 0.05 mg/kg atracurium was given 5 min 
prior to the intubating dose of 0.1 mg/kg vecuronium 
or 0.5 mg/kg atracurium. Ventilation was 
controlled. Supplemental doses of vecuronium 0.02 
mg/kz or atracurium 0.08 mg/kg were given as 
required to maintain 80-90% NMB. When spontaneous 
recovery of neuromuscular function (NMF) was not 
complete at the end of surgery (T4 ratio < 0.8), 
the residual block was antagonized with edrophonium 
0.5 mg/kg combined with atropine 0.008 mg/kg. The 
NMF was measured by both recording and displaying 
the force of thumb adduction evoked by supramaximal 
stimulation of the ulnar nerve at the wrist. An 
adductor pollicis monitor (1,2), modified for 
routine clinical application was used. A constant 
resting tension of 400-600 g was applied. The ulnar 
nerve was stimulated with a pair of noninvasive skin 
electrodes using a Neuro Technology constant current 
battery powered portable peripheral nerve stimulator 
with current output of 80 mA. The T4 stimuli were 
applied as square pulses of 0.2 msec duration at 0.5 
sec intervals end repeated every 10 sec. The output 
from the force transducer was displayed and recorded 
on a Datascope 2000 monitor. During each study, 
while observing the displayed T4 responses on the 
sereen, the anesthesiologist reported the time and 
his assessment of the T4 ratio and the number of 
twitches in the T4 responses, 


Results. Twenty four pairs (assessment of 
screen display vs measurement of mechanical 
recording) were selected from each study for the 
statistical evaluation. Eight pairs were selected 
from the onset, eight during the block and eight 


during spontaneous or induced recovery, No 
statistically significant differences were found 
between the data obtained from clinical assessment 
of the displayed T4 responses and recorded 
mechanical responses. The evoked T4 responses of 
the adductor pollicis muscle recorded during each 
study were quantitated as follows: peak tension of 
the first twitch in the T4, the number of twitches 
in the T4 and the ratio of T4/T1. The amplitude of 
the first twitch in the T4 was compared to that of 
the control T4 prior relaxant administration, 
Clinically, the degree of NMB was estimated from the 
number of twitches in the T4; one response 
considered to correspond to 90%, two responses to 
80% and three responses to 72% NMB (3,4). When all 
four twitches were present, the T4 ratio was 
estimated. A typical example of the 
anesthesiologist's report for the time base on the 
screen at 10:00 A.M. included the number of twitches 
in T4, the T4 ratio and the percentage of NMF. This 
was reported as follows: Time 10:05:02; two 
twitches; ratio 0; block 80. 


Discussion. Monitoring of NMF is important 
when shorter acting relaxants are used. Currently 
the visual or tactile observation of muscle 
responses to peripheral nerve stimulation is the 
most commonly used clinical technique. This method 
is highly subjective, Varicus monitoring devices 
have been introduced for evaluation of NMF but 
several drawbacks prevented their widespread use, 
These include the need for additional sophisticated 
equipment, calibration procedures, the set-up time 
and the cost. This study shows that the display of 
T4 responses on the BP monitor screen is a reliable 
method of neuromuscular funczion monitoring. It is 
simple to learn and accurat2 in assessment of the 
degree of NMB and its recovery. This method also 
provides the anesthesiologist with the advantage of 
simultaneous assessment of NMF, EKG and BP on the 
same screen display. His concentration is not 
detracted to different areas of observation. This 
method is highly suitable for routine clinical 
monitoring in the operating room and recovery room. 
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Introduction. Increasing numbers of 
nesthesia-related lawsuits and serious concerns 
bout the quality of anesthesia care has focused 
ational attention on anesthesiology-related 
edicolegal issues. Careful evaluation - of 
ndividual malpractice cases by a _ national 
nesthesiology committee with input from academic 
nd private practice anesthesiologists, although 
otentially valuable, was not available until the 
ormation of the National Comittee for 
nesthesiology Review (NCAR) in 1981. This report 
escribes the components and functions of NCAR and 
ummarizes the results of its first 30 
onsultations. 

Components, Functions, and Ideals. NCAR 
aintains the philosophy that the analysis of any 
edicolegal problem should be unbiased in terms of 
efending or finding fault with medical practice, 
echnique, or equipment without regard to whether 
he consultation was solicited by plaintiff, 
‘efendant, or any other person or institution. 
ICAR renders its opinion about the appropriateness 
f anesthesia care through the preparation of a 
mitten report of “composite review." Forty 
rell-qualified diplomates of American Board of 
mesthesiology from various institutions and 
irivate practice throughout the United States serve 
s the NCAR Editorial (Review) Board. Each 
lalpractice case submitted to NCAR is reviewed by 
‘our or five members of the editorial board. The 
ditor-in-chief selects those editorial board 
lembers who are to review a particular case based 
in the following criteria: 1) At least one should 
œ a recognized authority in the area of anesthesia 
n question. 2) One raviewer should not be 
articularly noted for expertise in the area in 
juestion. 3) One reviewer should practice in a 
ion-university hospital. 4) The reviewers should 
‘epresent different geographical areas. These. 
‘eviewers perform an in-depth analysis of the 
ledical records, depositions, etc., and submit 
sheir report the NCAR editor-in-chief who in turn 
‘orms a consensus analysis from the review 
submitted and forwards this "composite review" to 
she requesting attorney. Soliciting parties have 
‘equested a "one review2r" verbal or written 
‘eport, however, this service was discontinued. 

NCAR does not provida “expert witness" nor 
‘eveal the identity of the reviewers providing 
input to the composite report. However, after the 
composite review is completed and sent to the 
soliciting party, when requested, the 
aditor-in-chief will contact the editorial board 
wmbers in question and inquire whether they have 
any desire to be further involved with the case or 
its principals. If they co, their names/addresses 
ire revealed to the soliciting party. The reviewer 


then acts as a consultant or expert witness 
outside of his relationship with NCAR but may 
utilize the composite review or any individual 
review as he/she considers advisable. i 

Results. A questionnaire was prepared and 
sent to the first thirty attorneys who requested 
NCAR reviews. Twenty-four of twenty-eight 
attorneys (two reviews were cancelled) requesting 
reviews responded to our survey. Nearly 80% of 
the initial survey respondents were attorneys for 
the plaintiff. An anesthesia equipment 
manufacturer, a pharmaceutical firm, and three 
anesthesiologists were defendants in the 
malpractice problems reviewed. One review was 
solicited by a hospital medical board requesting 
an evaluation of the anesthetic techniques used 
by an anesthesiologist working in its hospital. 
Eighteen to twenty-four cases have thus far been 
resolved with six remaining active. All of the 
six active cases have gone to trial. NCAR played 
a 49% role in the disposition of those cases 
which have been resolved. An average of twelve 
months elapsed from the time of the requesting 
party's receipt of the NCAR report until case 
disposition. In thirteen of twenty-three cases, 
the NCAR consensus was opposite to the interest 
of the party requesting the review. In 
twenty-three of <wenty-four cases, the NCAR 
report was considered valuable, and in five 
cases, additional assistance in the form of 
depositions or expert witnesses were provided. 
The average settlement in those cases reviewed by 
NCAR was approximately $1.2M with NCAR considered 
instrumental in assigning the amount of monetary 
compensation in nine of sixteen cases. 
Twenty-three of the twenty-four attorneys who 
requested NCAR reviews and responded to our 
survey indicated that they would use NCAR again. 

Discussion. Analysis of twenty-four 
medicolegal problem cases reviewed by NCAR 
indicates that attorneys representing plaintiffs 
utilize the committee approx. 3.5 times as 
frequently as attorneys representing defendants. 
Of those defense attorneys requesting NCAR 
reviews, 60% received reports which were 
considered unfavorable to their clients' cases, 
while 60% of plaintiffs' attorneys considered the 
NCAR report to be favorable or neutral. Despite 
the large number of reports unfavorable to their 
clients’ cases, both plaintiff and defense 
attorneys were nearly unanimous jin their 
assertion that the NCAR report was a valuable 
tool for use in case disposition and that they 
would indeed consult NCAR again should the need 
arise. These data suggest that reviews of 
anesthesiology-related malpractice cases by 
recognized authorities are valuable to and highly 
regarded by representatives of both sides of the 
anesthesia medical liability issue. 
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introduction. Pipecuronium bromide, (PIP) a 
recently developed nondepolarizing neuromuscular 
blocking drug,has chemical and pharmacological 
Froperties similar to pancuronium, but is reported to 
have minimal cardiovascular side effects.(1) In that 
aspect it is claimed to be similar to vecuronium (VEC) 
which is associated with the most stable hemodynamic 
course when combined with nargotic-02 anesthesia in 
patients scheduled for CABG, (2 The present study 
examines and compares the cardiovascular effects of 
the two muscle relaxants in pts. scheduled for CABG 
with narcotic-Oo anesthesia. 

Method. With their informed consent, 83 pts. 
Scheduled for CABG surgery were randomized to receive 
either PIP or VEC in conjunction with sufentanyl-02 
anesthesia. Excluded from the study were those 
clinically unstable, elderly ( >70), with liver, 
renal, or valvular heart disease, and females of 
child-bearing age. Premedication was morphine sulfate 
C.1 mg/kg IM, scopolamine 0.4 mg IM and dermal NTG. 
Beta and calcium entry blocking drugs were continued 
through the morning of surgery. Pts. were induced 
with sufentanyl 6 mcg/kg, 100% Oo and neuromuscular 
blocxer (PIP:0.1 mg/kg or VEC:0.12 mg/kg) administered 
within 2 minutes. Hemodynamics were measured 
preinduction (baseline), 3 and 6 minutes post 
induction and 3 and 6 minutes post-intubation. Data 
was analyzed by an analysis of variance (repeatd 
measures) for differences between the two study groups 
at each measurement time and within each drug group at 
different measurement times, with P<0.005 as 
significant. 

Results. There were no differences between 
groups regarding pre-op characteristics and baseline 
hemodynamics. Cardiovascular responses are summarized 
in Tables 1 and 2. Table 3 summarizes the number of 
patients who required drug interventions to maintain 
BP within 30% baseline or HR > 40. 

i i This study demonstrates both PIP and 
VEC when combined with sufentanyl-O> anesthesia 
provide similar and minimal changes in hemodynamics of 
patients scheduled for CABG. The number of 
interventions required to maintain BP and HR are 
increased due to our strict adherence to a clinical 
protocol. Related was 


TABLE ] HEMODYNAMIC MEASUREMENTS WITH PIPECURONIUM 
Baseline 3 Min Post 6 Min Post 3 Min Post 6 Min Post 
Relaxant Relaxant Intubation Intubation 
HR 65.1+/- 1.7 62.9+/- 2.2 64.3+/- 2.2 64.8+/- 2.4 62.2+/- 2.2 
MAP 917+ 1.7 82.4+/-2.5  88.4+/-2.6  90.4+/- 2.4 87.2+/- 2.5 
cl 2.53+/- 0.08  2.33+/-0.09 2.60+/-0.13  2.73+/-0.14 = 2.56+/- 0.13 
CVP 9.0+/- 0.5 11.1+/- 0.5 11.3+/- 0.5 10.8+/- 0.4 10.9+/- 0.4 
PAWP }1.4+/- 0.7 12.8+/- 0.7 13.14/- 0.7 13.2+/- 0.6 12.7+/- 0.6 
PVR 182+/- 13 159+/- 8 166+/- 12 152+/-9 154+/- 8 
SVR 1435+/- 53 1329+/- 44 1310+/- 49 1333+/- 60 1344+/- 57 
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IPECURONIUM VS.VECURONIUM IN PATIENTS FOR CORONARY 


NJ Starr, M.D., FG Estafanous, M.D., D Wong, M.D., LS Koehler, M.D. and M. Bednarski, R.N. 
Cleveland Clinic Foundation, Cleveland, Ohio 44106 i 


the use of a potent narcotiz in relatively large 
anesthetic doses which can zause slowing Of the heart 
rate when combined with muszle relaxants that have 
small influence on hemodynanics. Therefore, the 
hemodynamic response expected would be that of the 
narcotic administered in anesthetic dosages. Because 
PIP is more potent and has a longer duration of action 
than VEC ‘plus similar lack of influence on 
hemodyramies\1)ptp may be particularly suited for 
patients scheduled for CABG surgery. 


F] CES 
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2. Sethna DH, Starr NJ, Estafanous FG. Cardiovascular 
effects of non- depolarizing neuromuscular blockers in 
patients with coronary artery disease. Can Anaesth 
Soc. J. 33:3 280-6, 1986. 
3. Foldes FF, Nagashima H, Nguyen HD, Weiss R, 
Goldiner PL. The human cumulative dose response of 
pipecuronium briomide under balanced anesthesia. Anes. 
65: A 116, 1986. 


TABLE 2 HEMODYNAMIC MEASUREMENTS WITH VECURONIUM 
HR 68.3+/-2.2  69.8+/-2.7  69.1+/-25  6B.4+/- 2.8 64.0+/- 2.3 
MAP 94.6+/- 2 91.2+/-3.2  93.7+/-25  94.7+/-23  93.1+/-2.2 
CI 2.7+/- 0.11 2.61+/-0.12 2.78+/-0.13  2.89+/-0.15  2.61+/- 0.12 
CVP 9.0+/- 0.7 11.5+/- 0.7 10.9+/- 0.5 10.3+/--.5 10.3+/- 0.5 
PAWP 12,7+/- 0.8 12.6+/- 0.8 13.2+/- 0.8 12.7+/- 0.8 12.2+/- 0.8 
PVR 155-/- 14 159+/- 15 125+/- 11 128+/- 8 138+/- 9 
SVR 1386+/- 66 1306+/- 58 1298+?- 51°' 1298+/- 64 1380+/- 58 
TABLE 3 DRUG INTERVENTIONS 
PIP VEC 

Neosynephrine Alone 5 2 

Neo + Atropine/Robinul 1 l 

Robinul Alone 2 3 

Nitroglycerine Alon2 4 

Total Interventions 12/43 9/40 

% of Group 27.9 22.5 


There is no significant difference 
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Introduction. The incidence of postoperative nausea ($9) 
and vomiting (V) has most often been examined utilizing 
retrospective chart review. This one year prospective 
study was undertaken to identify factors influencing H 
and V and to determine if a discrepancy exists between 
N and V recalled (R) by patients and that documented (1) 
in nurses notes. 

Methods. Adult ( 918 years) inpatients not requiring 
admission to an ICU were interviewed postoperatively and 
their charts reviewed. Eighty-two percent of the 1551 
patients, (820 female (F) and 731 male (M)) were 
interviewed within 24 hours of surgery and the remainder 
later in their hospital stay. Surgical procedures wer? 
categorized as: intraoral (IR), intracranial (IC), thoracis 
(iT), spine (SP), intraperitoneal (IP), abdomina, 
extraperitoneal (EP), laparoscopy (LP) and superficial (SF.. 
Patients were divided into 8 groups based on anestheti2 
technique used: Groups I, I, and V received enfluran2 
(E), isoflurane (D, or halothane (H), respectively, and n> 
narcotics intraoperatively (O). Groups I, IV and WI 
received a narcotic (N) in addition to the volatile agent. 
Groups VII and VIII did not receive a volatile agent (X1; 
Group VIII received a narcotic. All patients also received 
nitrous oxide. Patients who received drugs with antiemeti2 
properties (droperidol, scopolamine, hydroxyzine ani 
promethazine) were excluded from analysis. Student's t- 
test for unpaired samples and the chi-square test were 
applied where appropriate. 

Results. Only 52.5% of reported N and 62.5% of reported 
V were documented. The incidence of N and V was not 
associated with preoperative or intraoperative narcoti2 
administration. The R incidence of N differed significantly 
between females (37.1%) and males (21.0%) (p ¢ .001) ss 
did V (25.7% and 14.5%) (p¢.001). There was no significant 
difference in weight between those who reported N (mean 
73.0 Kg) and those who did not (73.5 Kg), or V (72.6 Kz 
and 73.6 Kg), Patients who reported N were younger 
(mean age 39.5 years) than those who did not (43.9 years) 
(p ¢.001). Those who reported V were also younger (40.9 
years) than those who did not (43.3 years), (p¢ 01 
Superficial and intraperitoneal procedures, whico 
comprised 85% of the total (Table 1), were associated 
with a similar incidence of N (30.2% and 30.7%), but th 
incidence of V was significantly greater in the SF group 
(23.2%) than the IP group (15.9%), (p ¢.01). The duration 





of anesthesia in those who experienced N (mean 2.5 hr) 
and those who did not (2.6 hr) was similar. The same 
was true for V (2.5 hr and 2.7 hr). Patients who received 
I reported less N (25.4%) than those who received E 
(30.3%) or H (29.3%), but these differences were not 
statistically significant. The incidence of V was also 
similar with the three agents: (I = 19.3%, E = 20.5%, H 
= 20.9%). (Table 2). 

Discussion. The interview technique demonstrated that 
the patient's perception of N and V varied significantly 
from the incidence documented in the chart. Studies 
citing postoperative N and V should be reviewed with 
this in mind. Gender and age were the only identifiable 
factors associated with N and V. The incidence of N 
was the same with superficial and intraperitoneal 
procedures but V was greater in the former group. The 
patient's weight, pre- and intraoperative narcotic 
administration, and volatile anesthetic agents employed 
were not predictive of postoperative N and V. 


Table 1 
Site N Nausea (%) Vomiting (%) 
R D R D 
IR 27 25.9 20.7 22.2 17.2 
1c 15 26.6 0.0 6.7 0.0 
IT 15 6.7 6.3 0.0 6.3 
SP 103 20.4 14.3 16.5 13.3 
IP 404 30.7 17.3 15.9 11.6 
EP 50 34.0 26.9 22.0 21.2 
LP 10 40.0 20.0 30.0 20.0 
SF 927 30.2 18.4 23.2 16.0 
TOTAL 1551 29.5 17.9 20.4 14.6 
Table 2 
Agent N Nausea (%) Vomiting (%) 
R D R D 
I (EO) 640 30.6 17.5 19.7 14.7 
I (EN) 411 29.7 20.0 21.7 15.4 
m (10) 127 23.6 15.4 18.9 13.9 
IV (IN) 117 27.4 12.6 19.7 11.8 
v (HO) 136 30.9 18.1 22.1 15.1 
VI (HN) 55 25.5 19.6 18.2 16.1 
VII (XO) 17 29.4 11.8 17.7 0.0 
VI (XN) 48 35.4 22.0 25.0 18.0 


TOTAL 1551 29.5 17.9 20.4 14.6 
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Introduction. Cimetidine, an H, histamine 
antagonist, is the most frequently prescribed drug in 
the U.S., and is also routinely employed as an 
anesthetic premedicant. Cimetidine is known to 
decrease liver blood flow (1) and inhibit microsomal 
drug metabolism (2). A recent study demonstrated in 
vitro inhibition of pseudocholinesterase activity by 
Hy antagonists (3). Since succinylcholine is 
m&tabolized by pseudocholinesterase formed in the 
liver, a potential exists for interaction between 
cimetidine and succinylcholine. This prospective 
study was designed to determine the effect of 
cimetidine premedication on the onset and duration of 
succinylcholine-induced neuromuscular blockade in 
man. 

Methods. The study protocol was approved by the 
institution's Human Investigation Committee, and 
written informed consent was obtained from all 
patients. The subjects were 20 adult patients, ASA 
physical status 1 or 2. The patients were randomly 
allocated into two groups of 10 each. Group 1 
patients received cimetidine 400 mg P.O. at bedtime 
and 400 mg P.O. 90 min prior to induction of general 
anesthesia. Group 2 patients acted as controls and 
did not receive cimetidine. No other premedication 
was given. After placement of a blood pressure cuff 
and EKG electrodes, anesthesia was induced with 
thiopental 4-6 mg/kg IV and maintained with fentanyl 
3-5 pg/kg and N,0, 67% in 0,. Neuromuscular blockade 
was monitored with a force transducer which measured 
adductor pollicus twitch tension in response to 
supramaximal ulnar nerve stimulation at 0.15 Hz, 
delivered for a duration of 0.15 ms via 25-gauge 
needles placed subcutaneously. A strip chart 
continuously recorded the force transducer 
measurements from 10 min before to 50 min after 
succinylcholine administration. The times to initial 
twitch depression and to maximal neuromuscular 
blockade and the magnitude of neuromuscular block 
were measured, as were times to 10, 25, 50, 75, and 
90% recovery of initial twitch height. Student's t- 
test was used to test statistical significance 
between groups, with p<0.05 considered significant. 

Results. Maximal neuromuscular block (twitch 
height depression) and the times to initial and 
maximal twitch depression for the 2 groups are shown 
in Table 1. There was no significant difference 
between the two groups for these measurements. The 

_times to various % recovery, a measure of duration of 
neuromuscular blockade, are shown in Table 2. There 
was no significant difference at any % recovery of 
initial twitch height between patients given 
cimetidine and controls. 

Discussion. Cimetidine is known to alter the 
effects of many drugs commonly used in anesthesia 
including narcotics (4), benzodiazepines (5), and 
beta blockers (1). Proposed mechanisms for 
cimetidine-induced changes are a reduction in liver 
blood flow (1) and inhibition of liver microsomal 
enzyme systems (2). After IV injection of a dose of 


succinylcholine, the drug is distributed throughout 
the extracellular space and to the neuromuscular 
junction. The plasma level and the clinical effects 
of succinylcholine dissipate because of enzymatic 
breakdown in the plasma. Because of the demonstrated 
inhibition of pseudocholinesterase in vitro by H 
antagonists (3), it is reasonable to anticipate în 
interaction between cimetidine and succinylcholine. 
Indeed, one recent study (6) showed a markedly 
prolonged time to recovery of neuromuscular function 
in patients receiving cimetidine versus controls 
during halothane anesthesia. However, we found no 
differences in onset or duration of succinylcholine- 
induced neuromuscular blockade between cimetidine- 
treated and control groups. The reason for the 
discrepancy between our results and those reported 
previously (6) is unclear. Further exploration of a 
possible cimetidine-succinylcholine interaction 
appears warranted. 
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Table 1 
Maximal Time to Initial Time to 
Block Twitch Height Maximal 
(%) Depression(min) Block(min) 
Cimetidine 98.0+6.3 0.70.3 1.4+0.7 
Control 98.8+3.8 0.7+0.2 1.6+0.4 


All values are mean + SD 
Table 2 


Time (min) to Recovery 
10% 25% 50% 75% 90% 


Cimetidine 7+2 8+2 9+3 10+3 10+3 
Control 7+2 8:2 93 10+3 11+3 


All values are mean + SD 
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Introduction. Studies in anesthetized 
men during apneic oxygenation (ApOx) have 
revealed PaCO, rates of rise ranging from 
3.2 mmHg/min to 5 mmHg/min.*-? During 
ApOx, the continual O, supply to the airway 
may eliminate CO,, even if the flow is very 
low.* Awake, apneic humans with a closed 
glottis have a 6 mmHg/min CO. rate of rise 
after an initial rise of 9 mmHg during the 
first 20 sec of apnea.* This apparently 
higher rate was attributed to wakefulness 
and to a closed glottis, so that no CO, 
could be eliminated by a continuous gas 
flow. The purpose of this study was to de- 
termine anesthetized humans! PaCO. rate of 
rise when the lungs receive no gas flow to 
promote CO, elimination. 

Methods. Fourteen healthy adults 
consented to participate in this institu- 
tionally approved investigation. Arterial 
oxyhemoglobin saturation (SaO), arterial 
blood pressure, and ECG were displayed con- 
tinuously. Thiopental 4 mg/kg iv induced 
anesthesia; succinylcholine 1 mg/kg facil- 
itated tracheal intubation. Then, patients 
were ventilated with O, and enflurane for 
at least 10 min, until neuromuscular func- 
tion recovered, and until enflurane 
anesthesia was deep enough to prevent spon- 
taneous ventilation with normal Paco. No 
N20 or other muscle relaxants were used. 

Next the tracheal tube was occluded with 
a clamp. Arterial blood samples for pOz, 
pCO., pH, and SaO- analyses were obtained 
at the time that the tube was clamped, and 
20, 40, 60, 120, 180, 240, and 300 sec 
thereafter, or until the pulse oximeter 
SaO- decreased to .93, the patient at- 
tempted to breathe, or 5 min elapsed. Then 
the tracheal tube was unclamped, the normal 
conduct of anesthesia was resumed, and the 
surgeons began the operation. 

Multiple mathematical curves were fit tc 
the data to derive an equation that de- 
scribed the PacO, rate of rise. ‘The 
equation which resulted in the least sums 
2£f squares was chosen as the best fit. The 
initial and terminal slopes of that equa- 
tion were estimated. 

Results. Patients ranged in age from 24 
to 80 yrs (36 + 14 yrs; X + SD), and were 
apneic with an occluded airway for a mean 
of 224 sec. All patients remained apneic 
for at least 120 sec, 7 remained apneic for 
300 sec. No patient's heart rate or 
rhythm, or systemic blood pressure varied 
luring the study. No patient's SaO, fell 
selow .92. The figure depicts the equation 
which best fit the PaCO, rate of rise: 


PaCO2 = (PaCOz)o + .044(t) + 2.72[1n(t)] 


where {PaCOz)o = initial Paco, (mmHg) and 
t = duration of apnea (sec). Paco. rose 
12 mmHg during the first min, and 3.4 
mmHg/min thereafter. 

Discussion. As observed previously, 
PacO, rose logarithmically.* The equation 
which best related PaCOz and time was 
reduced to two linear estimates so that 
these results would be clinically useful 
and could be compared to those of previous 
works. Eger and Severinghaus® made the 
first nonlinear estimate of PaCo, rate of 
rise during ApOx: 13mmHg during the first 
minute, and 3mmHg/min thereafter - nearly 
identical to our results. Thus, ApOx did 
not eliminate significant quantities of 
COz; and, the higher CO, rates of rise 
that we observed in awake humans with 
closed glottides* were mainly due to wake- 
fulness. Therefore, the CO. rate of rise 
in awake humans appears to be twice that 
of anesthetized humans. Because mixed- 
venous pCO- exceeds PaCOz by 5 mmHg, 
another mechanism must be partially re- 
sponsible for the initial 12 mmHg rise. 
The Paco. rate of rise derived from this 
study (12 mmHg for the first min, and 3.4 
mmHg/min thereafter) should be used when 
the duration of apnea is estimated from 
change in PaCOz, or when duration of apnea 
is prospectively estimated in anesthetized 
patients. 
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Figure. Duration of apnea (time) and 
PacO, in anesthetized patients. 
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Introduction: Numerous factors affect cerebral 


blood flow (CBE) during cardiopulmonary bypass 
(CPB), including PaCO, and temperature (1,2). This 
investigation determined that during CPB, CBF 
spontaneously declines. 


Methods: After the study was approved by the 
Clinical Research Practices Committee, written 
informed consent was obtained from 6 patients 
undergoing cardiac surgery. Those with 
hypertension and cerebrovascular disease were 
excluded. Premedication consisted of po, lorazepam 
and im morphine. Fentanyl 75 ug.kg induced 
narcosis and pancuronium 0.1 mg.kg facilitated 
endotracheal intubation. Except for 0,, no 
additional drugs were given until completion of CBF 
measurements. During CPB, Paco was held at 
approximately 27 mmHg, corrected for nasopharyngeal 
temperature (NPT), while mean arterial pressure 
(MAP), NPT, pump flow (Q), and hematocrit (Hct) 
were maintained within narrow limits. CBF 
dgermination during CPB employed clearance of 

Xe injected through the arterial infusion line. 
Clearance curves were obtained from 16 cadmium 
telluride gamma detectors. CBF calculations used 


the CBF technique, corrected for Hct and NPT. 
The minimal regional variance between probes 
allowed us to average values from individual 


detectors to obtain global CBF. CBF measurements 
(baseline and after a variable interval) began 
after cross-clamping of the aorta and stabilization 
of hypothermia (NPT ~28°C). Paired 2-tailed 
t-tests, significant at p<0.05, compared CBF 
differences. All values are expressed as mean +t 
standard deviation. 


Results: In all patients, CBF diminished during 
CPB (Figure). Mean global CBF's at baseline and 
after 32 + 


_19.1 gin were 15.9 + 3.5 and 12.6 + 
2.2 ml.100g “.min `, respectively. During both 
measurement intervals, controlled variables did not 
change (Table). 


Discussion: The observed decrease of CBF with 
time in CPB patients parallels CBF decreases during 
repeated measurements in awake, resting subjects 
(3) and in anggthetized patients (4). Persistence 
of residual Xe from the first injection cannot 
explain this finding. Although the mechanism of 
this decline remains undefined, the phenomenon must 
be considered when studying CBF during CPB. 


Figure: 
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locations for each individua_ subject. 


Table: Controlled Variables (mean + SD) 


CBF 


#1 


#2, 2843 


k 
Paco. MAP NPT 


(mig) (mmHg) (°C) 


Q 2 Het 
(L/min/m") (2) 


2243 


2643 68411 26.520.8 1.94.14 
1.84.14 2343 


+ 
71410 26.6+0.8 „8t. 
corrected for body temperature 
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Introduction: Although evaluation of cardiac func- 
tion in man during and after surgery is critical, 
there is at present no method of continuously moni- 
toring regional myocardial contractility. This 
study was designed to assess myocardial contractil- 
ity, using wall thickness changes in humans - a 
methodology previously validated in animals]. 


Methods: 10 patients (protocol approved by the In- 
stitutional Review Board for Human Research) were 
included in this study. All measurements were taker 
prior to cardiopulmonary bypass and were recorded 

on an 8-channel Gould® polygraph and an 8-channel 
Soul d® tape recorder (Gould, Inc., Cleveland, OH). 
After thoracotomy an ultrasound Doppler system was 
used and two types of 10 MHz probes were applied ta 
record cardiac muscle wall thickening: one probe 
(Alvar Electronic, France) was sutured on the epi- 
cardium of the left ventricle and a suction probe 
(Baylor College of Medicine, Houston, TX.) was con- 
nected to a vacuum pump (-30 mmHg). The "Alvar" 
probe was sutured on the left ventricle close to tke 
apex, between the left anterior descending and the 
diagonal arteries and was left in place thereafter. 
The suction probe was first placed on the anterior 
and inferior walls of the right ventricle and then 
on the apex, lateral wall, base, and posterior wall 
2f the left ventricle. The thickening of muscle 
layers was sensed at any desired depth in the myoce> 
ilium. The depth of the endocardium in particular 
was determined by listening to the echo received br 
the probes. From this position, after the initial 
neasurements, the depth was reduced by half in order 
to evaluate the epicardium contribution to the 
thickening. The thickening fraction (IF; expressec 
in percent)! is derived from the wall thickening 

by dividing the displacement by the depth of measure— 
nent. Data are presented as mean + SEM. 


Results: On the left ventricle, a TF of 22.3 + 3.17 
was recorded with the “Alvar" probe (n=10), showing 
a greater TF of the endocardium (32.5 + 4.2%) than 
of the epicardium (15.5 + 3.4%). The TF recorded 
sith the suction probe on the right ventricle (an- 
terior and inferior walls) and the left ventricle 
(apex, lateral wall, base, posterior wall) are pre- 
sented in table l. These data indicate that on the 
Left ventricle and on the inferior wall of the 
cight ventricle the endocardium contribution to 
nuscle contraction was greater than the epicardium 
contribution which was not shown at the anterior 
wall of the right ventricle. 


Jiscussion: These data demonstrate that in humans 
nyocardial function, and more precisely muscle 
contractility, can be assessed through the TF. As 
:ompared to echocardiography, this method allows 
sontinuous measurement of cardiac function during 
sardiopulmonary surgery. It also allows immediate 
jiagnosis of myocardial dysfunction due to ischemie- 
?reliminary data indicate that the “Alvar™ probe cer 
ye left in place during the postoperative period. 


This new method represents a powerful tool for 
evaluation of the e=fects of surgery, anesthetics, 
and drugs on cardiac function during and after car- 
diopulmonary surgery. Most importantly, our data 
demonstrate the significance of such an approach 
for per- and postoperative monitoring of cardiac 
function in patients undergoing cardiac surgery. 
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Table 1 


Right Ventricle 
Anterior Wall (n=10) Inferior Wall (n=4) 


™ aeni TM 26.2 + 10 
EP 24.6 + 4.0 EP 22.0 + 7.7 
EN 20.5 + 6.2 EN 33.2 + 13.7 


Apex (n=10) Lateral Wall (n=10) 
™ 19.6 + 2.6 TM 27.1 + 2.1 
EP 16.2 + 2.2 EP 24,2 + 2.1 
EN 24.6 + 4.1 EN 31.6 + 3.9 
Base (n=10) Posterior Wall (n=10) 
T™ 22.8 + 3.3 TM 22.8 + 3.2 
EP 21.5 + 3.3 EP 19.9 + 2.5 
EN 23.3 + 5.2 EN 27.5 + 5.7 





T™ = transmural 
= epicardium 
EN = endocardium 


Pas) 
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Introduction. Animal and human studies have 
demonstrated that verapamil (V) and beta 
adrenoceptor blockade exacerbates the increase in 
serum potassium (K ) after acute K loading or 
following intravenpug administration of 
succinylcholine (SCh).’“ It appears that V alters 
the normal homeostatic mechanism for regulation of 
serum K levels, it may decrease the net movement 
of the extracellular K intracellularly. It is not 
known whether diltiazem (D) produces a similar 
alteration in the mechanism for serum K 
regulation. K efflux from muscle increases 
following SCh in dogs and humans. Normally there 
is a .3-.5 meq/L increase in serum K levels 
occurring within the first 10 minutes following SCh 
administration. This study compares the changes in 
serum K+ level following SCh in V and D pretreated 
dogs. 


Methods. Thirty day conditioned mongrel dogs, 
each having a chronic tracheostomy and carotid loop 
performed two weeks prior to the experimental 
period, were anesthetized with sodium thiamylal and 
nitrous oxide in oxygen. Arterial and venous lines 
were placed and normocapnia and normothermia 
maintained. All dogs received 5 ml/kg/h of normal 
saline throughout the study period. SCh 1 mg/kg 
was given IV to all dogs 10 minutes after 
induction. Arterial blood was drawn and 
immediately analyzed for serum K with an ion 
specific electrode (ILS-501) at the following time 
intervals: 0, 1, 3, 5, 10, 15, 30, and 60 minutes 
following SCh administration. Changes in serum K 
were determined for control, V, and D pretreated 
animals. V and D were given as a 150 mcg/kg bolus 
followed by a 5.6 mcg/kg/min infusion. Both 
calcium channel blockers were started during 
induction. In order to obtain a normal 
distribution and homogeneity of variance, we 
performed a percent change transformation of the 
positively skewed data. Significance of the change 
in plasma K was compared within groups, and 
between treatments, and control groups, with one- 
way analysis of variance (ANOVA) and Duncan's 
critical-difference testing. 


Results. There was no significant difference 
in baseline K (time 0) between groups. In the 
control group, K increased significantly by 5 
minutes after SCh and persisted up to 30 minutes 
while the V and P pretreated groups had significant 
increase in K by 1 minute which persisted 
throughout the study period. Peak increase in K 
occurred at 30 minutes for all groups. The time 
course for K change was altered by both, V and D. 
However, V at 15 minutes, had K values 
significantly different from control. There were 
no differences between V and D pretreated groups 
and between D and control, for all time periods. 


Discussion. Contrary to Roth et al.”, our 
investigation shows that V end D pretreatment, in 
the dose used, affect the pattern of release of K 
following SCh. There is an early and prolonged 
increase in K levels after SCh. Although there 
was no significant difference between the two 
treatment groups, D pretreatment produced less of 
an increase in K than V, the Jatter having the 
only significantly elevated K from control, 
perhaps reflecting D's lack of effect on fast 
sodium channel in low, doses that in turn would lead 
to stabilization of K flux. 
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PERCENT CHANGE IN POTASSIUM CONCENTRATION 


CONTROL VERAPAMIL DILTIAZEM 
TIME Imini MEAN-+SD HEAN-ESD MEAR-ESD 
o o+0 o-+0 o+0 
1 8+2 1146? 9+4) 
3 10414 1245? 944? 
5 114105 1384 1143? 
10 1344? 1948! 1744) 
15 1446? 24410% 19+5 ! 
30 1947? 29+125 2449! 
60 5412 19412 ? 134105 


CAPTION. a INDICATES A SIGNIFICANT (P<0.05) DIFFERENCE FROM 
THE CORRESPONDING CONTOL GROUP MEAN. b INDICATES A 
SIGNIFICANT (P<0.05) CHANGE FROM THE TIME ZERO MEAN. SU IS 
STANDARD DEVIATION. 
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Introduction. The protlem of renal dysfunction 
‘ollowing open heart surgery is quite prevalent and 
` unquestioned importance. Moderate transient 
Impaiment of renal function has been reported to 
»ccur tn approximately 30% of patients following 
cardiac surgery. There i5 a correlation between 
cardiopulmonary bypass (CPB) time and the 
»ccurrence of renal failure. We used free-water 
stearance and alanine aminopeptidase (AAP), a brush 
order membrane bound enzyme of the proximal renal 
cubules™ to indicate the degree of renal tubular 
lembrane alteration produced by varying lengths of 
ionpulsatile (NP) bypass time. 


Methods. With informed consent and approval 
‘ron The Ohio State Human Subjects Review 
vommittee, we evaluated 12 patients undergoing 
tortocoronary bypass grafting. All patients had an. 
ection fraction greater than 45% with normal 
‘enal function (as determined by the usual clinical 
‘riterfa of blood urea nitrogen (BUN) and 
‘reatinine). Patients receiving aminoglycosides or 
ther nephrotoxic medications were excluded. Each 
attent received their usual cardiac medication 
‘long with morphine 0.1 mg/kg and lorazepam 0.04: 
g/kg as premedication. Hemodynamic monitors: 
‘onsisting of an arterial line, Swan-Ganz catheter, 
KG leads, and 2 intravenous cannulae were inserted, 
rior to induction of anesthesia. Fentanyl (F) 50 
icg/kg and a combination of 0.05 mg/kg pancuronium 
nd 0.05. mg/kg vecuronium was used for induction of 
nesthesia. Maintenance consisted of a 0.5 
cg/kg/min F infusion and 100% 0O,. Following 
nduction, a urimeter was connected “for continuous: 
rine output measurement. CPB was instituted using 
Sarns pump with flows maintained between 2.2-2.4. 
/M°/min and pressures between 50-80 mmHg on CPB. 
rine and serum samples for osmolality and 
etermination of urine AAP levels were obtained 
efore induction, during CFB, and daily for 2 days 
ollowfng surgery. Free-water clearance was 
alculated according to the standard clearance 
ormula. Urine AAP levels were determined using 
n enzymeimmunoassay method, while urine and serum 
smolality were determined by freezing point 
epression. Statistical analyses were performed 
sing the one-way analysis of variance (ANOVA) with 
uncan's critical-difference testing. An exact 
robability test value of p < 0.05 was considered 
tatistically significant. 


Results. Patients were divided into long (> 
h) and short duration (< 2h) CPB, there were 5 and 
patients respectively in each group. There was 
2 significant difference in baseline urine AAP 
oncentration between groups. Once on CPB, mean 
rterial blood pressure was maintained between 50- 
) mmHg, AAP concentrations were significantly 
levated from baseline and remained elevated: 
1roughout the study in both groups. There was no 
{fference in AAP concentrations between and within 
roups for bypass times < 2h, however, long 
tration CPB patients had significantly elevated 


enzyme concentration (p < 0.05) for bypass times > 
2 h compared to concentrations < 2h (see figure). 
There was no significant difference for day 1 and 2 
AAP concentrations batween groups. Three patients 
experiencad serum creatinine elevations greater 
than 0.5 mg/dl. There was no significant 


‘difference in free-water clearance or urine anc 


serum osmolalities between groups. 


Discussion. The length of CPB has been one of ` 


the many variables known to affect the incidence of 
renal dysfunction following coronary artery bypass 
graft surgery. The length of time necessary to 
produce this effect is not known, however most 
agree that CPB times around 4 hours are related to 
a high probability of renal dysfunction. Our data 
shows that once CPB exceeds 2 hours, evidence of 
tubular membrane altaration (is shown by increased 
urinary AAP) becomes significant. Twenty-five 
percent of our patients experienced mild transient 


‘renal dysfunction which is similar to the incidence 


of Bhat et al. These patients had CPB times 
greater than 2 hours, their enzyme levels collected 
after 2 hours of CFB were significantly elevated 
compared to the levels collected before 2 hours, 
however their free-water clearance remained 
negative throughout the study period. None of our 
patients experienced perfusion pressures below 50 
mmHg on bypass. Surgical techniques to reduce 
bypass time or methods of perfusion that preserves 
renal homeostasis (pulsatile perfusion) would seem 
beneficial to the patient undergoing prolonged CPB. 
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Introduction. Intrapleural (IP) analgesia with 
local anesthetics has been consented to be a 
useful means for post-thoracotomy pain relief 
(1,2). To evaluate the effects of IP bupivacaine 
versus placebo (saline) on pain relief and 
pulmcnary function in the postoperative period 
after thoracotomy, we studied this in a 
randomized, double blind fashion. 

Methods. After approval by the Human Research 
Committee and written consent, 15 adults (23-74 
years) undergoing elective thoracotomy and lung 
surgery were randomized into control (saline, n=8) 
or study (bupivacaine, n=7) groups. Anesthesia 
consisted of Pentothal, pancuronium, 0. and 
isoflurane. The intrapleural catheter (epidural 
type) was placed preop with the tip posteriorly. 
Postcperatively, with the patients awake, 
horizontal, and the chest tubes under water seal, 
bupivacaine (1.5 mg/kg b.w.) or saline was 
injected in the catheter. Fifteen min later change 
in position was allowed and chest tube suction was 
restarted. Each catheter was injected twice with 
8 hrs interval. Pain was recorded hourly with a 
visual analogue pain score (VAS), before and up to 
8 hrs after each IP inj. (Scale 0-100, O-no pain, 
100-unbearable pain) Additional pain relief was 
given as i.v. morphine and recorded. Blood was 
sampled before, 5, 10, 20, 30, 60, 120 and 180 min 
after IP inj for bupivacaine levels in ten 
patients. 

Blood gases were followed before and 1,2, 8 and 24 
hrs postop and the Alveolo-arterial 0, gradient 
(A-aDO,) calculated. Spirometry with forced vital 
capacify (FVC), forced expiratory volume one 
second (FEV), peak flow (PF) and forced 
expiratory flow 25-75% (FEF) was performed preop 
and 1,2,4,8 and 24 hrs postop, and before and 30 
min after each IP inj. 

Statistical analysis was performed with Wilcoxon's 
test and Paired and Unpaired Student's t-test. 
Results. The control .group (CON) and bupivacaine 
group (BUP) were comparable with regard to age, 
sex and duration of surgery. The pain score (VAS) 
decreased after each inj in the BUP group 
(p<0.01). In the controls VAS varied without 
relation to IP inj. One hour after IP inj the BUP 
group had significantly lower VAS compared to the 
controls (p<0.05). Also the mean time from inj 
til the VAS reached preinj levels was 
significantly longer in the BUP group (4 hrs) 
compared to CON group (1-3 hrs) (p<0.05). 
In the BUP group the morphine requirement dropped 
significantly after the IP inj, (p<0.05-0.01), Fig 
1, but not in the CON group. During the two hrs 
following each inj the morphine requirements was 
significantly lower (p<0.05-0.01) in the BUP 
group. Also the mean time from the IP inj til 
morphine was requested was longer (4 hrs) in the 
BUP group compared to the controls (1.5-3.8 hrs) 
(p<0.01). 

Mean bupivacaine levels were 0.8 ug/ml plasma 
after 5 min and rose to 0.88 pg/ml at 30 min and 
decreased to 0.51 pg/ml at 180 min. The 
individual variation in peak time was from 5-30 


Fig 1. Morphine requirerent before and after 
`~ inj. of bupivacain (x-~--x) and 
a saline (-------) IP. 
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min. Patients with the highest levels also had the 
lowest pain scores. The A-aDC, increased from the 
preop period (~25 mm Hg) to tke postop period (70- 
140 mm Hg) in both groups. There was no 
significant difference between the groups. 
Spirometric measurements (FVC, FEV, PF, FEF) all 
dropped significantly one hr postop to 24-30% but 
rose to 34-45% of preop levels 24 hrs later in 
both groups. Measurements dcne before and 30 min 
after the IP inj showed significant increases in 
FVC, FEV, PF and FEF in the BUP group but no 
change in the CON group (Table 1). 

Table 1. Mean spirometric measurements in % of 
preop, before and 30 min after IP inj of 
bupivacaine (BUP) or saline (CON). 


Injection 1 Injection 2 


Before After Before After 
EVC BVP 33 47 31 39 
CON 33 33 32 33 
FEV BVP 33 47 34 42 
CON 32 33 30 31 
Peak BVP 35 43 38 41 
flow CON 36 34 3 33 
FEF BVP 36 46 40 43 
CON 35 35 30 30 


Discussion. IP pain relief with bupivacaine post- 
thoracotomy has the problem with chest tubes that 
an unknown amount drains out of the pleura. Others 
have clamped the chest tubes (1) but we feel that 
is not safe in all patients. We disconnected the 
tubes from suction but kept them under water seal. 
This seemed to shorten the duration of the block 
to about 4 hrs, which is shorter than earlier 
reports of 4-8 hrs duration. Also our blood 
levels were lower than earlier reported (1). 
Conclusion. At the time the block was working the 
patients had good pain relief experienced 
subjectively and also verified objectively with 
lower pain score, less morphine requirement and 
significant improvement in pulmonary function 
tests. 


References. 


1. Kambam JR, Handte RE, Flanagan J, et al. 
Intrapleural anesthesia for post thoracotomy pain 
relief. Anesth Anai 1987; 66:S90. 

2. Reiestad F, Stromskag KE. =ntrapleural catheter 
in the management of postop pain, a preliminary 
report. Regional Anesth 1986; 11:89-91. 


$228 ANESTH ANALG 
1988;67:S1-5266 


ABSTRACTS 


Title: CPK, LDH AND THEIR ISOENZYMES IN THE PER =PERATIVE PERIOD 


Authors: 


M. Tabatabai, M.D., Ph.D., B. Kirimli, M.3., K. Wong,M.D., M. Mazloomdoost, M.D., T. Drobycki, CRNA 


R. Segal, M.D., M. Tadjziechy, M.D., A. Javalgunà, M.D., R. Desai, M.D. 


Affiliation: VA Medical Centar and Departments of Anesczhesiology and Surgery, University of Pittsburgh School of 


Medicine, Pittsburgh, PA 15240 


Introduction. The serum level of creatine phosph - 
:inase (CPK) and its isoenzyme MB, and lactic dehyd- 
‘ogenase and its isoenzymes LDH, and LDH, are used a: 
tarkers in the diagnosis of acute myocardial infarct- 
.on (AMI). Total serum CPK is also elevated in malig- 
‘ant hyperthermia (MH). Surgical procedures may inc- 
‘ease the serum level of these enzymes as well. 
.lthough changes in CPK and MB following open heart 
‘urgery have been studied (1,2), a complete picture 
the changes in CPK, LDH and their comparison with 
hose in AMI and MH are lacking. This information is 
seful to anesthesiologists and other clinicians 
ecause it may serve to distinguish enzyme changes ir 
H and AMI of the perioperative period from those due 
o surgical interventions. Therefore, the present 
tudy was undertaken to determine the pattern of CPK. 
DH, and their isoenzymes in the perioperative perioc. 

Methods. Thirty patients aged 26 to 75 years, 
ndergoing orthopedic operations, were included in 
his study. Institutional approval and informed con- 
ent were obtained. The surgical procedures consistec 
f hip arthroplaties, knee arthroscopies and arthro- 
omies, lumbar or cervical diskectomies, fracture 
epairs by open reduction and internal fixation, and 
orrection of acquired joint deformities. The operat— 
ons lasted from 30 minutes to 5 hours with a mean of 
-6 hours. Blood samples were drawn before and immed- 
ately after induction of anesthesia, and serial sam— 
les after skin incision such that ten samples were 
rawn over a time span of seventy hours (Tables). 
ach sample was analyzed for total CPK and its iso- 
azymes (MM,MB and BB) and total LDH and its isoenzy— 
2s (LDH), LDH3, LDH3, LDH4, and LDHs). Data were 
alyzed using repeated measurements analysis of 
ariance and Newman-Keuls test. P values less than 
.05 were considered statistically significant. 

Results. Serum CPK and its isoenzymes are pre- 
anted in Table l, and LDH and its isoenzymes in Tabl=> 

The preinduction mean CPK level of 141 units/L 
creased gradually and significantly after skin 
icision and reached the maximum level of 809 units/L 
1 hours after incisionsp<0.005, and was still sig- 
ificantly high at 70 hours (618 units/L, p<0.005).In 
íI, the CPK peaks at about 24 hours after the onset 

infarction (3). The pre- and post-induction values 
tre not significantly different (p>0.05). The high- 
it individual CPK level was in a 27-year-old man whe 
id anterior cervical fusion for cervical myelopathy, 
id CPK rose to 2570 units/L at 58 hours after incis— 
m. The MM fraction increased slightly while the MB 
ıd BB fractions decreased a=ter incision. The pre- 
duction mean LDH value of 173 units/L gradually 
‘creased after incision and achieved two peak levels 
@ at 34 hours (203 units/L. p<0.01), and the other 
. 58 hours (210 units/L, p<0.01). LDHs also increa- 
d and the maximum values appeared at 10 and 34 h 
ter incision (p<0.005). The LDH,/LDH, ratio did not 
verse. None of the patients developed signs and 
mptoms of AMI or MH intra- or post-operatively. 
ere was a significant correlation between the level 

CPK and LDH and the amount of muscle damage (r=0.8 
d p<0.05). The amount of muscle damage was assesed 

the basis of type of opeartion and duration of the 
eration. 


Discussion. The normal pattern of changes in the 
serum CPK, LDH and their isoenzymes in the periopera- 
tive period during orthopedic procedures is presented 
in this communication.The increase in these enzymes 
following operation is most probably due to muscle 
cell damage and release of the intracellular enzymes 
into the circulation. The mere increase in the serum 
CPK and LDH in the postoperative period, therefore, 
is not diagnostic of either AMI or MH. In AMI, the 
increase in the serum CPK and LDH is associated with 
an increase in CPK-MB and/or reversal of LDH, /LDH3 
ratio (3). In MH, although CPK and LDH serum levels 
rise, other signs and symptoms should be present to 
confirm the diagnosis (4). (Supported by a grant from 
Anesthesiology Department, University of Pittsburgh.) 


Table 1 
(MEAN + SEM) 


TOTAL CPK MM MB BB 
(Unit/t) z) (2) (2) 
Preinduction 141+20 891 240.2 1.540.2 
Postinduction 121+20 89+1 240.2 1,440.2 
Hours after 
incision: 
4 260442 92+1 240.2 1.35+0.3 
10 415ż+61 95+1 1.640.2 0.8+0.2 
16 511478 9541 1,540.3 0.7+0.2 
22 60581 9541 1,140.15 0.540.1 
34 809+109 96+1 140.1 0.8+0.2 
46 67392 9641 140.15 0.9+0.2 
58 7232115 96+1 1,420.2 0.840.2 
70 6182102 9641 1,240.2 0.8640.2 
TABLE 2 


{MEAN + SEM) 


TOTAL LDH LDH LDH LDH LDH LDH 

Unit/L 2 2 z t3 
Preinduction 173+8 2140.9 4141 2040.7 740.4 12+1.2 
Postinduction 15949 2040.9 4141 2041.2 740.35 1140.9 
Hours after 


incision: 
4 193411 1941 3741.5 1820.6 940.6 1741.9 
10 185+11 1840.8 3541 1940.6 1040.5 19+1.2 
16 197214 1940.9 3741 2120.6 940.6  15+1.0 
22 193415 1940.9 381 2140.7 940.5 1541.4 
34 20310 1940.9 341 1920.7 940.4 1841.5 
46 18648 2140.9 3841.3 2040.6 810.5 1441.4 
58 210415 2020.8 3741.3 1940.7 840.5 1641.6 
70 19028 2141 3841.4 1940.6 840.6 1541.7 


References. 
l. Bradford PR, et al: J Thor CV Surg 71: 884, 1976. 
2. Morton BC, et al: Clin Biochem 14: 300, 1981. 
3. Sobel BZ, et al: Circulation 45: 471, 1972. 
4. Rosenberg H: Hosp Prac pp 135-152, 1985. 


A 


ANESTH ANALG $229 


ABSTRACTS 
1988;67:S1-S266 
Title: EVALUATION OF PULSE OXIMETRY FOR INTRAOPERATIVE BLOOD PRESSURE MEASUREMENT AND VITAL SIGN 
MONITORING DURING PATIENT TRANSPORT VIA LIFE FLIGHT 
Authors: Pekka Talke, M.D., Ray J. Nichols, Jr., M.D., Daniel L. Traber, Ph.D. 
Affiliation: Department of Anesthesiology, University of Texas Medical Branch and Shriners Burns Institute, 


Galveston, Texas 


Introduction. Life Flight is a popular method 
to transport critically il] patients. Vital sign 
monitoring is however difficult in the helicopter. 
The vibrations of the helicopter interfere with 
palpation, doppler and oscillometric methods of 
blood pressure measurements. The noise makes it 
impossible to hear breath sounds or to obtain blood 
pressure using Korotkoff sounds. This study evalu- 
ated how well systolic blood pressure measured 
by pulse oximetry correlates with conventional 
methods of blood pressure measurement (1) and the 
use of a pulse oximeter (2) for vital sign monitoring 
intraflight. 


Methods. To measure blood pressure with a 
pulse oximeter, the blood pressure cuff was applied 
in the usual fashion and the pulse oximeter probe 
was placed on an ipsilateral phalanx. The Ohmeda 
BIOX 3700 pulse oximeter was used in this study. 
The pulse oximeter signal disappears when the cuff 
is inflated above the systolic blood pressure. When 
the cuff was deflated slowly, the pressure at which 
the pulse waveform first reappeared was recorded. 
Twenty healthy volunteers, 42 anesthetized patients 
and 11 patients transported by Life Flight were 
studied. 

Systolic blood pressure was measured in the 
20 volunteers by three methods: the pulse oximeter 
(OXIM), palpation (PALP) and Korotkoff (KORT) sounds. 

In 42 anesthetized patients systolic blood 
pressure was measured with the pulse oximeter (OXIM) 
(r=42) and by intraarterial cannula (ARTC) (n=12), 
deppler (DOPP) (n=30) or Korotkoff sounds (KORT) 
(r=26). Ten separate measurements were performed 
during the course of the operation in each patient. 
Pearson's linear correlation coefficients (r) were 
computed for the data from 20 volunteers and from 
the pooled data from 42 patients, to determine 
correlation of the different methods of blood pres- 
sure measurement. Blood pressure, heart rate and 
arterial oxygen saturation were recorded every 
five minutes in eleven critically ill patients 
during transport by Life Flight. 


Results. The correlation coefficients (r) for 


the volunteers are shown ir Table I, and for the 
patients in Table II. In the helicopter there 
was no interference from the fine vibrations to 
the pulse oximeter. We obtained reliable vital 
signs on 10 cf the 11 patients transported by Life 
Flight. One patient suffered massive trauma and 
there were no palpable peripheral pulses and blood 
pressure was unobtainable by any method. 


Conclusion. We found the return of the pulse 
oximeter wave form to be an accurate way to measure 
systolic blood pressure intraoperatively. We also 
found the pulse oximeter a valuable and improved 
method of vital sign monitoring intraflight. 

On several occasions, cthe pulse oximeter was 
the only monitor able to obtain vital signs. There 
was no interference from the noise or vibrations. 
Monitoring arterial oxygen saturation is also valu- 
able since many of the petients are transported 
intubated and at night, when an accidental extubation 
could go unnoticed until bradycardia occurs. 


TABLE 1 
n r 
OXIM-KORT 20 0.88 
OXIM-PALP 20 0.87 
KORT-PALP 20 0.90 
TABLE 2 
n r 
OXIM-DOPP 300 0.996 
OXIM-KORT 260 0.958 
OXIM-ARTC 120 0.880 
DOPP- KORT 230 0.953 
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Introduction. Positive end expiratory pressur 
PEEP) îs used to manage patients with respirator~ 
‘ailure. (1) PEEP improves gas exchange main’ > 
y increasing functional residual capacity, decreas- 
ng pulmonary shunt and recruitment of air spaces 
he effect of PEEP on extravascular lung water 
EVLW) remains controversial and has not been we`“ 
tudied in animals without pulmonary injury. We 
tudied the effect of PEEP on EVLW and pulmonar” 
ymph flow in an animal model with no pulmonar” 
njury. 


Methods. Twelve sheep with arterial, lefi. 
trial, lung water and Swan-Ganz catheters were 
sed. The lung lymphatic was cannulated and trache- 
stomies were performed. Animals were given ore 
eek to recover from the anesthetic procedure. 
he protocol consisted of placing the animals cr 

ventilator with no PEEP, tidal volume 15 cc/Eç 
nd a fixed respiratory rate which maintained tte 
rterial PCO? 5 mmHg below the value obtained cr 
pontaneous ventilation. Animals were  studiec 
or a two hour baseline period (Period I). Ther 
EEP was increased to 10 centimeters of water fcr 

two hour period (Period II) and then reducec 
ack to 0 for an additional two hour period (Pericc 
II). Lymph samples were collected at fifteer 
inute intervals. Pulmonary arterial (PAP), system=c 
rterial (MAP) and left atrial pressures (LAP’. 
id heart rate (HR) were monitored continuous]: . 
lood pressures, blood gases, cardiac output arc 
ymph flows were recorded every fifteen minutes. 
/LW was measured at the- end of each study perioc. 
ve data were analyzed for statistically significart 
vange using an analysis of variance and Duncan's 
iltiple range test. 


Results. Lymph flow was measured in twelve 
vimats (Period I). Increase in PEEP (Period II; 
sulted in a decrease in lymph flow (Figure 1°. 
te decrease was largest immediately after PEEF 
is applied. As PEEP was decreased back to 0 (Pericc 
[I), there was a significant initial increase 
1 the lymph flow, which slowly returned back towarc 
iseline values. EVLW was measured in all twelve 
limals, but reliable data were not obtained et 
rery study period. This was mainly due to technicel 
‘fficulties in awake, moving animals. Data were 
icluded only if it was obtained at all three. 

two consecutive study periods. Data from ter 
timals were used in the calculation of EVLW values. 
creases in PEEP resulted in a statistically signt- 
cant elevation of EVLW (Figure I). The EVLP 
lues returned close to baseline when PEEP wes 
moved. 

There was no significant change in cardiec 
tput. When PEEP was increased to 10 cm H2C. 
P increased by an average of 5 mmHg, PAP by © 
Hg, LAP by 4 mmHg and PCO? by 3 mmHg (Figure 

All values returned toward baseline when PEEF 
s decreased. The increases from Period I tc 
riod II were statistically significant. 


Discussion. In normal animals PEEP resulted 
in a reversible increase in EVLW and a decrease 
in lymph flow. We propose that the mechanism 
for the increased EVLW is due to obstruction of 
pulmonary lymph flow by increased intraalveolar 
pressure, causing accumulation of fluid in the 
interstitial spaces. 

Another reported cause for a reversible increase 
in EVLW is secondary to an effect of PEEP allowing 
for distribution of thermal indicator through 
a larger fraction of the lung water. (2) This 
may have played an additional role in these studies 
since the changes in EVLW were somewhat greater 
than the changes in accumulated changes in lymph 
flow. 
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INTRODUCTION: Sodium Nitroprusside, increases 
the intracranial pressure (ICP), and therefore is 
not recommended for patients with increased 
intracranial pressure (1). A mixture of trimethaphan 
and nitroprusside (TNP) has been shown to reduce the 
dose of nitroprusside required to control blood 
pressure (BP), and thereby decrease the side effects 
of nitroprusside such as cyanide toxicity, rebouni 
hypertension and tachyphylaxis (2). But its effect 
on ICP is yet to be determined. Therefore, this 
study was designed to determine the effect of (TNP) 
on the normal and increased ICP in cats. 


METHOD: Ten cats were anesthetized with 
isoflurane. Their tracheas were intubated and the 
lungs ventilated mechanically. A femoral vein was 
cannulated for drug administration and a femoral 
artery for blood pressure monitoring and blood gases 
analysis. The cats were then placed in sphinx 
position using a stereotactic frame. The scalp and 
the underlying muscles were dissected and a 5mm hole 
was trephined in the left parietal area. A catheter 
was threaded into the subarachnoid space amd 
connected to a pressure transducer for continuous 
monitoring of ICP. The cats were then divided into 
two groups: one with normal ICP (N-ICP) and tke 
other with artificially increased ICP (AI-ICP). In 
the AI-ICP group a size 10F Foley catheter was 
Placed in the epidural space through a 5 m 
trephined hole on the right parietal area. Both 
trephined holes were sealed with bone wax. After 
completion of surgery the scalp incisions were 
infiltrated with 2-3 ml of bupivecaine 0.5% and the 
isoflurane was discontinued. Anesthesia wes 
maintained with nitrous oxide in 30% oxygen 
supplemented by intermittent doses of pancuronium. 
The Foley catheter's balloon in the AI-ICP group was 
inflated slowly with water until the ICP reached a 
level of 25-30 mmHg and then remained steady. The 
BP, heart rate, ICP, EKG, end-tidal C02 and 
temperature were continuously monitored. The PaC02 
was maintained at 30+2mmHg and the Pa02 above 100 
mmHg. Rectal temperature was maintained at 37+0-5 
degrees Centigrade. After an hour of stabilization, 
TNP (trimethaphan:nitroprusside, 3mg:lmg ratio) was 
infused at 2-10 ug/Kg/min by a pump. The rate of 


infusion was adjusted to reduce the BP by 30% for 15 
minutes. The highest ICP values, as well as mean 
BP, heart rate, and EKG before and during the TNP 
infusion were compared. All measurements were taken 
at the end of expiration. The zero level for the ICP 
was referenced to a fixed paint at the level of the 
external auditory meatus. Tae results were analyzed 
using Student's paired t-test. P values less than 
0.05 were considered signifizant. 


RESULTS: The results are summarized in the 
Table. TNP produced a dose dependent reduction in 
mean BP. TNP infusion decreased the BP which 
reached a steady state within 55+15 seconds. On 
discontinuation of the TNP infusion, the BP rose to 
control value within 45+20 seconds. Tachyphylaxis 
to TNP occurred in one cat and rebound hypertension 
in another. 


Increased ICP 
(AI-ICP) 
BP =IcPp 
125+5 28.8+1 
89+6* 37.6+0.9%* 


Control 11349 
TNP 75t+10* 4.0+0.4* 





*P<0.05 


Table: The effect of TN? on mean BP mmHg (MAP) 
and ICP mmHg in cats with normal and increased ICP. 


DISCUSSION: The TNP mixture produces less side 
effects than either of its component administered 
separately. But our results indicate that TNP like 
nitroprusside, increases the ICP significantly. 
Therefore, TNP should be used judiciously in 
patients with increased ICP. 
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Introduction Doxacurium chloride is a new, 
long-acting, non-depolarizing muscle relaxant. It 
has potential advantages over currently available 
agents because its effects are non-cumulative and it 
appears to be devoid of cardiovascular effects in 
healthy volunteers. In a previous study we 
demonstrated that Doxacurium, when administered at a 
dose of twice ED95 to ASA III or IV patients 
scheduled for cardiac surgery, produces small but 
statistically significant decreases in heart rate 
(HR), mean systemic (MAP), mean pulmonary arterial 
(MPAP), central venous (CVE), and, pulmonary 
capillary wedge pressures (PCWP). To investigate 
the mechanism of these hemodynamic changes, the 
effects of Doxacurium on left and right ventricular 
performance were studied in a similar but larger 
group of patients. 


Methods Fifteen patients scheduled for 
elective cardiac or major vascular surgery were 
included in the study. The protocol was approved by 
the Institutional Review Board and each patient gave 
written informed consent. The patients were 
premedicated with combinations of morphine (0.08 to 
0.10 mg/kg IM), scopolamine (0.003 to 0.005 mg/kg 
IM), diazepam (0.07 to 0.15 mg/kg PO) or lorazepam 
(0.5 to 4.0 mg IM) as determined individually for 
each patient. Cardiac medications were continued up 
to the time of surgery. Each patient was monitored 
by electrocardiographic lead V., and radial and 
pulmonary arterial catheters (BAC). The PAC was 
equipped with a rapid response thermistor to measure 
cardiac output (CO) and right ventricular ejection 
fraction (RVEF). Stroke volumes (SV), right 
ventricular end-diastolic volumes (RVEDV) and 
end-systolic volumes (RVESV) were derived from these 
variables. After induction of anesthesia (fentanyl, 
30-75 ug/kg, diazepam, 2.5-20 mg, succinylcholine, 

i mg/kg, and 100% 0,) and intubation, a 3.5 mHz 
2-dimensional esophageal echotransducer was 
positioned to obtain a short-axis view of the left 
ventricle at the level of the papillary muscles. 
Hemodynamic and echo measurements were recorded at 
this time (baseline-B) and 2, 5, and 10 minutes 
after a bolus of 50 or 80 ug/kg of Doxacurium. Left 
ventricular end-systolic area (LVESA) and 
end-diastolic area (LVEDA) were subsequently 
measured by a "blinded" observer using a light pen 
and interactive computer. Left ventricular ejection 
fraction area (LVEFA) was calculated as: 
LVEDA-LVESA/LVEDA. Data were analyzed by repeated 
measures ANOVA and significance was defined as 

p <4 0.05. All values are expressed as mean + 
standard deviation. 


Results The administration of Doxacurium 
produced significant changes in HR, MAP, MPAP, PCWP, 
and CVP (Table). No statistically significant 
changes were observed in right or left ventricular 
dimensions or ejection fractions. No complications 
or allergic reactions were attributable to the 
drug. 


Discussion Although many muscle relaxants 
produce significant hemodynamic disturbances, their 
effects on right or left ventricular performance 
have not been extensively investigated. With the 
availability of accurate, clinical techniques to 
assess ventricular performance, the conventional 
hemodynamic evaluations of new drugs should be 
complemented by these measurements.” The indices 
of ventricular function obtained in the current 
study were within the normal range and, despite 
minor hemodynamic.variations, remained unchanged 
after Doxacurium.~ In conclusion, at a dose of 50 or 
80 ug/kg, Doxacurium has no discernable effects on 
right or left ventricular performance. 
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TABLE 

B 2' 5' 10' 
HR (BPM) 5148 5128 5028 49284 
MAP (mmHg) 70+10 66210** 7048 70410 
MPAP (mmHg) 1924 1843 1743* 17+3* 
PCWP (mmHg) 1443 124£3%k* 124£3%%*% 1243%%% 
CVP (mmHg) 1044 8434+ 8+3*k 843%% 


CO (L/min) 3.4240.73 3.2340.55 3.2340.70 3.14+0.61 
RVEDV (m1) 178449 183+50 189459 199275 
RVESV (m1) 116+44 117443 124451 134467 


RVEF (Z) 3648 3747 3648 3548 
LVEDA (cm*) 17+6 1725 1645 1724 
LVESA (cm?) 8+5 8+4 844 9+4 
LVEFA (2) 54+18 54412 52414 50+12 
* p< 0.05 ** p< 0.01 kK p< 0.001 
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Introduction: In war surgery, in repeated 
surgical procedures, ketamine is the drug 

of choice. Several reports have described 
the development of tolerance to ketamine du- 
ring multiple administration of the drug in 
animal and man (1, 2, 3). 

Details concerning the incidence of develop- 
ment of tolerance as well as the responsibie 
mechanism are not clearly expounded in the 
literature. The purpose of this study was to 
evaluate, in humans, the incidence of the 
decrease in sensitivity to ketamine and to 
ascertain the increase of dose required to 
produce the same effect as the initial dose. 
In addition the study verified if a partial 
opiate agonist (pentazocine) could counter- 
act the decreased sensitivity. 


Patients and Methods: 861 war-wounded male 
patients were included in this study (avera- 
ge age 22,3 + 0,6 S.D.). 

The repeated anaesthetic procedures were for 
treatment including: debridement, dressings, 
delayed primary suture. Patients who under- 
went less than 3 anaesthetic procedures in 
their first week after admission were exclu- 
ded from this study. The amount of ketamine 
injected in the first ten minutes was the 
minimum possible to achieve a state of no 
signs of withdrawal and/or vocal reaction to 
pain stimulus (initial start of 1-2 mg/kg” 
bodyweight i.v.). When a patient, during re- 
peated surgery required more than 10 mg/ 
kg“! bodyweight as a dose, it was decided, 
for the subsequent procedure(s), to pretreat 
with pentazocine (0,25 mg/kg~' bodyweight 
i.v.). 


Results: 861 Patients were included. The 
average number of anaesthetic procedures with 
kevamine was 4.56 (+ 0,6). 6 Patients deve- 
loped decreased sensitivity to ketamine 
(fig.1+). 4 Patients needed additional anaes- 
thetic procedures after they had reached 

the level of 10 mg/kg” ' ketamine as an re- 
quired initial dose. In these patients, af- 
ter pretreatment with pentazocine, in subse- 
quent surgical procedures, a normal dose cf 
1-2 mg/kg” ' bodyweight of ketamine was suf- 
ficient agein. 


Discussion: This study gives an incidence of 
decreased sensitivity of 6,96 per 1000 pa- 
tients. The first signs of decreased sensi- 
tivity in all patients began already after 
two anaesthetic procedures. In the literatu- 
re it has been suggested that after decrease 
of sensitivity, in order to achieve the same 
effect as in the primary procedure, a 25-30% 
increase should be sufficient (3). In this 
study however, increases of up to 500% were 
required. After pretreatment with pentazoci- 
ne the patients were as sensitive to ketani- 
ne as they were before the decrease in sen- 
sitivity developed. This phenomenon supports 


the hypothesis (1) that a "central nervous 
tolerance" alters the effect of ketamine, 
while it is known that the effect of ketami- 
ne and pentazocine is associated with the 
same opiate neuronal processes (4, 5). 
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Fig.1: Required dose of ketamine (ketalar) 
for repeating surgical procedures in 
6 patients who developed a decrease 
in sensitivity to ketamine. 
(¥):required dose of ketamine after 
pretreatment with pentazocine (0.25 
mg BW i.v.) 
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Introduction. Epidural administration of ketam re 
has been shown to produce effective analgesia in pa- 
tients with postoperative pain (1). The present study 
was undertaken to evaluate the antinociceptive pro- 
perties of intrathecal administration (IT) of ketam ne 
in monkeys, an animal model much akin to humans. 


Method. The study was conducted after institu- 
tional approval and adhered to the regulation of the 
animal research committee. Seven adult monkeys (Mac- 
caca Cyclopis Swinhoe) weighing 6-8 kg with surgica - 
ly implanted indwelling intrathecal catheters witho.t 
neurological damage from this surgery were used in 
this study. With the monkey standing in a specially 
constructed cage, analgesia was tested using a hot 
plate test. The monkey normally would stand on a hct 
plate maintained at 55°C and withdraw its Jegs when 
thermal pain exceeds its tolerance. For comparison. 
the hot plate withdrawal latency (HPWL) time measured 
were converted to maximal percentage effect (MPE): 
MPE = (post-injection response latency—predrug re- 
sponse latency)/{cut-off time—predrug response laten- 
cy) x 100%. The cut-off time in this study was 40 
seconds to avoid damage to the feet tissue. The study 
procedure was divided into three phases. Phase I: as 
a comparative control, morphine sulfate 1 mg was ad- 
ministered intrathecally and its analgesic effect wes 
measured by the hot plate test. Phase II: one week 
later, 3 different doses of preservative free keta- 
mine (5, 7.5 and 10 mg) were given intrathecally with 
7 days lapsing between each dose and the analgesic 
effect was assessed as above. Phase III: to ascer- 
tain the systemic effect of ketamine, ketamine 30 mg 
IM was given and its analgesic effect was tested in 
the similar fashion two weeks after the intrathecal 
drug administration. The HPWL was measured before 
(time 0), and at 5, 10, 15, 30, 60, 90, 120, 150, 15 
and 240 minutes postdrug administration for each drug. 
The mean arterial blood pressure, pulse rate, respi- 
ratory rate, sensorium, and behavior changes were al- 
so recorded throughout the observation period. 


Results. Intrathecal morphine produced potent 
analgesia with an onset at 30 minutes and duration 
of action lasting 5.5 hours (Fig 1). Intrathecal 
ketamine showed a dose dependent analgesic effect with 
5 mg producing no noticeable effect and 10 ing produc- 
ing marked analgesia, peaked at 5 minutes and lasted 
about 30 minutes (Fig 2). There was sensory block 
and motor paresis of the legs as tested by forcep 
pinch and motor reflex associated with ketamine 10 ng 
IT. Ketamine 30 mg IM also produced analgesic effect 
with onset at 6.3 minutes and duration about 10 min- 
utes associated with marked drowsiness. All animals 
recovered from the administration of the test drugs 
without observable neurological sequale. Autopsies 
performed on 2 of the monkeys which died from unre- 
lated cause many weeks later showed no microscopic 
pathology in the spinal cord. 


Discussion. Intrathecal ketamine produces potent. 
analgesia and its mechanism of action appears to be 
threefold: a systemic effect (2), a direct effect 01 
the opiate receptors in the spinal cord (3), and a 
local anesthetic effect as demonstrated in our animal 
mode]. Eventhough intrathecal ketamine has a theore- 
tical advantage of lack of respiratory depressing 





effect, its much shorter duration of action when com- 
pared to that of morphine and the resultant motor and 
sensory block make it distinctly undesirable as a sub- 
stitute for intrathecal morphine for pain relief. 
Furthermore, only a small number of safety studies 
have been reported with the intrathecal administra- 
tion of ketamine in animals (4). The clinical appli- 
an of intrathecal ketamine awaits further explora- 
jon. 
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Introduction: 

Vecuronium, a new steroidal neuromuscular 
blocking agent, has no histamine release or 
cardiovascular side effects at several mltiples of 
the ED95. We were interested in defining the onset 
tim2, duration, and cardiovascular effects of 
vecuronium at high mltiples of the ED95. 

Methods: 

Forty adults (ASA status I-II) between 18 and 
59 years of age, having low-risk elective surgical 
procedures were studied. The study was approved by 
the Protection of Human Subjects Committee; informed 
consent was ootained from each patient. No patient 
recaived aminoglycoside antibiotics or 
antihistamines within 48 hours of the study. 
Anesthesia was induced intravenously with thiopental 
(2-10 mg/kg), midazolam (0-0.2 mg/kg) and fentanyl 
(1-8 ug/kg). Nitrous oxide (70%), fentanyl, and 
additional intravenous sedatives were given as 
necessary to maintain anesthesia. 

The ulnar nerve was stimulated supramaximally 
with repeated trains-of-four stimuli (2 Hz for 2 sec 
at 20 sec intervals) at the wrist with surface 
electrodes. The evoked compound electromyogram of 
thumb adduction was recorded using a Puritan- 
Bernett/Datex monitor. The degree of neuromuscular 
block was characterized as the height of the first 
response compared to the control response. Time 
frcm injection of vecuronium to complete 
neuromuscular blockade was recorded (onset time). 

Patients were randomly assigned to one of four 
grcups to receive 0.1, 0.2, 0.3, or 0.4 mg/kg of 
vecuronium (Group 1, 2, 3, 4 respectively). 
Vecuronium was administered through a T-connector 
into a rapidly running intravenous infusion. Mean 
arterial pressure (MAP) and heart rate (HR) were 
measured noninvasively (Dinamap ) prior to the bolus 
of vecuronium and at one minute intervals after the 
bolus but prior to intubation. Intubation was 
performed when the blockade reached 100%. Ease of 
intubation was scored using standard criteria. 
Blood was drawn for radioenzymatic assay of 
histamine prior to and at 1, 3 and 5 minutes after 
adninistration of vecuronium. 

Edrophonium (1 mg/kg with atropine) was given 
at the completion of surgery if clinically required. 
EMG monitoring was continued for a minimum of ten 
minutes after administration of edrophonium. Time 
of spontaneous recovery to 25% of control (T25) was 
estimated from the recording. Recovery of EMG was 
referenced to the final baseline. 

Standard errors (SEM) are shown for all mean 
va_ues. Differences between the groups were 
assessed by analysis of variance and the Student- 
Newman-Keuls multiple range test. Differences were 
considered statistically significant at P < 0.05. 
Results: 

There was no difference between dosage groups 
with respect to age. Onset time was significantly 
shorter in Group 3 than Group 2; there was no 
significant difference in onset time between Groups 
3 and 4 (table 1). In groups 1 and 2, 1 patient 
(5%) reached 100% block by 90 sec; in groups 3 and 
4, 12 patients (60%) reached 100% block by 90 sec. 


The heart rate decreasad by a mean of 3.0 + 
1.3 beats/minute. The MAP jecreased by a mean of 
6.7 (+ 1.3) torr; the largest decrease in MAP (12 
torr) cccurred in Group 3. No patient developed 
flushing or changes in pulmonary dynamic 
compliance. 

Thirty-nine patients had excellent intubation 
scores; one patient exhibited some mild 
diaphragmatic movement following intubation. 

There was a general increase in the duration of 
neuromuscular blockade with increasing dose; 
however, only the differences between groups 1 and 
3 and groups 1 and 4 are statistically 
significant. If the train-of-four ratio (Th/T1) 
was at least 0.02 when the patient was given 
edrophonium, the Th/T1 ratio recovered to at 
least 0.70 within 5 minutes. If the Th/T1 ratio 
was greater than 0.30 when edrophonium was given, 
the Th/T1 ratio increased to at least 0.90 within 
2 minutes. If the T4/T1l ratio was zero when 
edrophonium was given 5 of 9 patients failed to 
recover to 0.70 within 20 minutes. 

Discussion: 

The onset and duraticn of neuromuscular 
blockade from vecuronium can be manipulated by 
variable dosing regimens. Intubating conditions 
are excellent at all doses once maximum 
neuromuscular block is achieved. In general, the 
larger the dose the shorter the onset time and the 
longer the duration of effect. There is no 
clinical advantage of using 0.4 ng/kg over that 
seen from 0.3 mg/kg. A large initial bolus dose 
(0.3 mg/kg) of vecuronium provides rapid onset of 
neuromuscular blockade without untoward 
cardiovascular side effects. At this dose 
profound neuromuscular blockade may last for 
several hours in some patients. If Th/T1l ratio is 
at least 0.02, neuromusculer blockade is easily 
antagonized with edrophoniun. 





Dose (mg/kg) Onset ilsec) T25 (mins) 
0.1 164 + 27 yo +h 
(60 - 360) (25 ~ 69) 
0.2 120 + 5 Th + 8 
(100 - 140) (51 - 106) 
0.3 88 + 5A 111 + 19* 
(60 = 120) (62 - 208) 
0.4 78 + 6A 115 + 20% 
(60 - 100) (35 - 191) 


Mean + SEM (range) 
* Significantly different from 0.1 ng/kg 
A Statistically different from 0.2 ng/kg 
Reference: 
1. Morris RB. The cardiovascular effects of 
vecurcnium and pancuronium in patients undergoing 
coronary artery bypass grafting. Anesth 1983; 
58:438-hh0. 
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Introduction. Studies of the effects of high 
dose fentanyl (HDF) anesthesia for cardiac surgery 
have focused on the period prior to cardio- 
pulmonary bypass (CPB); less is known about the 
post bypass period. High dose morphine has been 
shown to produce relative hypotension and neces- 
sitate large fluid requirements after cardiac sur- 
gery. Fluid requirements have been shown to be 
incpegsed in the immediate postop period after 
HDF compared to halothane, but other postop 
variables have not been examined. We studied the 
effects of HDF on postop cardiopulmonary 
variables, fluid and vasopressor requirements in 
patients undergoing cardiac surgery. 

Methods. After approval by the Institutional 
Human Investigation Committee, 30 patients gave 
informed consent to be randomly assigned to one of 
2 groups. Anesthesia for group 1 (1c:N=10 CABG, 
lv:N=5 valve replacements) consisted of fentanyl 
75 meg/kg bolus followed by 0.3 mcg/kg/min 
infusion. Anesthesia for group 2 (2c:N=10 CABG, 
2v:N=5 valve) consisted of diazepam 0.8 mg/kg and 
ketamine 2 mg/kg for induction followed by 
infusion of 1 mg/kg/hr ketamine with diazepam 0.07 
mg/kg/hr. All pts received vecuronium for intuba- 
tion and maintenance of neuromuscular blockade; 
diazepam 0.2 mg/kg po was given 1 hr prior to in- 
sertion of femoral arterial and oximetric pulmon- 
ary artery catheters. Data collected included 
hemodynamic profiles, arterial blood gases, Sv0,; 
Hgb, Ca , fluid balance and body wt. These were 
recorded at standard times from preinduction to 48 
hrs postop. In addition, time to awakening (eye 
opening/hand grasp to command), need for vaso- 
active infusions and periop MI were noted. Periop 
fluid administration was guided by PCWP. Post by- 
pass, blood was transfused when Hgb level fell be- 
low 9 g%. Hemodynamic data were analyzed using 
ANOVA with repeated measures in one variable; de- 
mographic data using t-tests and x? analysis where 
appropriate. P<0.05 was considered significant. 

Results. There were nc signif. diff. between 
groups in age, ejection fraction, NYHA class, 
preop MI, medical problems, medications, aortic 
cross clamp and bypass times. None of the patients 
had renal, hepatic or pulmonary disease. There 
were no signif preCPB differences in HR, MAP, RAP, 
PCWP, CI, SVR, PVR, LVSWI, RVSWI, PaO, or intra- 
pulmonary shunt Q_/Q,. Post CPB, Groŭp lc had 
lower SVR and wap®in'the first 12 hrs postop than 
group 2c (avg diff 19+9 torr, p<0.05) despite a 
higher net fluid (crystalloid + colloid + blood + 
blood product minus chest tube and urine outputs, 
see Figure) and vasopressor requirement (6/10 in 
group lc and 2/10 in 2c). There was no difference 
in the use of vasodilator between groups. More 
pts receiving HDF required diuretics postop (8/10 
in group Ic vs 3/10 in 2c, p <0.05) despite no 
diff. in preop diuretic use. Postop Q./Q was 
higher at all times in group lc than 2¢ (p<0.05). 
The above differences between anesthesia tech- 
niques were similar in patients receiving valve 
replacements (lv and 2v). Greater increases in 
body wt occured at 24 hrs (2.3 + 2.0 vs 0.35 + 1.0 


kg) and 48 hrs (1.6 + 2.1 vs -0.02 + 1.3 kg) in 

group lc vs 2c. There were no signif. diff. post 

bypass between groups for HR, RAP, PCWP, CI, PVR, ay 
SvO,, Ca’, Hgb or temp at any time postop. Time 

unt{l awakening was longer in HDF pts (5.0 + 2.2 vs 

1.7 + 1.2 hr in CABS pts and 7.1 + 3.1 vs 1.5#1.3 hr 

in valve pts, p<0.95). The avg length of ICU stay 

in HDF pts was longer (104 + 40 vs 69 + 23 hr, p < 

.05). There was 1 postop MI (grp Ic). 


NET FLUID BALANCE 


2) +VALVE + CABG >2-CABG AT 24HRS AND 
N 2-VALVE 48HRS (P=0.05) 


I 1-CABG 
E 2-CABG 





.5 HRS 8 HRS 24 HRS 48 HRS 
TIME POST-OP (HRS) 


Discussion. Because of its excellent intraop 
hemodynamic stability, HDF has become a common anes- 
thetic technique for cardiac surgery. The "stress 
free" state that is obtained intraop is achieved at 
the expense of a large amount of residual anesthetic 
at the end of surgery. Residual HDF may be unbal- 
anced by less noxiovs stimulation in the postop 
period and is resporsible for sleepy, comfortable, 
unbreathing patients with lower blood pressures. We 
have found that HDF for cardiac surgery was accom- 
panied by higher postop vasopressor and fluid re- 
quirements with increased Q_/Q, and longer ICU stay 
compared to another intravenous technique. Previous 
work has suggested that choice of anesthetic tech- 
nique per se (including the 2 compared in this 
study) has litt}s effect on overall outcome after 
cardiac surgery . Anesthetic techniques other than 
HDF may provide less complicated, less expensive 
postop courses with the same outcome for patients 
undergoing cardiac surgery. Future studies of 
physiologic responses to various anesthetic tech- 
niques should include their post bypass effects. 
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Introduction. Catheterization of the pulmon- 
ary artery (PAC) is common practice in patients 
undergoing cardiac surgery. Investigators have 
shown that therapeutic approaches to patient man- 
agement is changed in response to PAC compared to 
CVP Additionally, in patients with normal LV 
function undergoing GABG, CVP monitoring without 
PAC may be adequate . However, no studies to 
date have determined whether PAC improves outcome 
cr clinical course in higher risk patients 
undergoing cardiac surgery. We prospectively 
examined outcome and course in high risk cardiac 
surgical patients managed with and without PAC. 

Methods. The institutional Human Investiga- 
tion Committee approved this study of 822 consecu- 
tive patients undergoing cardiac surgery who gave 
informed consent. Patients received either CVP or 
PA catheters depending on random assignment to 
anesthesiologist. 5 anesthesiologists managed 
patients with CVP catheters only and 5 placed PA 
catheters either before or after induction of 
anesthesia when indicated. High risk patients 
(N=447) were divided into 2 groups. Group I 
consisted of patients with any one of the follow- 
ing indications for PAC: poor LV function (EF < 
0.40), CHF at the time of surgery or MI >6 mo old. 
Sroup II patients had any 2 or more of the above 
indications or were complex cardiac procedures 
(double valve replacement, CABG plus LV aneurys- 
mectomy) with at least 1 other indication. 
Patients who would have otherwise been managed 
only with a CVP but developed a clinical need for 
PAC at any tine after discontinuation of CPB 
(defined as a clinically detectable inadequate 
perzusion state unresponsive to volume infusion, 
pacing or a single inotropic agent) had a PA 
catheter inserted (Group III). To determine if 
placing a PAC before or after a major hemodynamic 
event effects outcome, Group III was compared to 
another group (IV) which had received PAC before 
similar serious hemodynamic events occurred. 
Perioperative risk factors for cardiac surgery 
that were noted included the above indications 
plus presence of unstable angina, pulmonary 
hypertension, preop renal insufficiency, COPD, 
life threatening arrhythmias, endocarditis, morbid 
obesity, MI <3 mo old, diabetes, preop neuro 
deficit, reoperation, age >70 yrs, aortic clamp 
time >80 min and pump time > 150 min. Each risk 
factor was assigned a score of l point and a risk 
index (0 to 15) was calculated for each patient to 
determine if patients receiving CVP or PAC had 
similar risk profiles. In addition, Group II was 
divided into a group with 5 or more risk factors 
(IIb) and one with less than 5 risk factors (Ila) 
to determine if PAC affected outcome in the sick- 
est of all patients (IIb). Postoperative outcome 
was judged by in-hospital death, length of ICU 
stay ( >4 days) and postop MI. In addition, the 
incidence of intraop CV problems (BP <80% baseline 
requiring vasopressors or low CO state) as well as 
postop hypotension (requiring vasopressors), use 
of IABP, pulmonary insufficiency or renal 
insufficieny were noted. Data was analyzed 


using a x? statistic; p< 0.05 was considered 
significant. 

Results. There were no significant differences 
in distribution of risk profile scores between CVP 
and PAC patients in group I or IIb. Patients who 
received PAC in group IIa had slightly higher risk 
profile scores than those receiving CVP's. The 
incidences of in-hospital death and post op MI were 
not significantly different between patients managed 
with CVP versus PAC. Prolonged ICU stay was more 
frequent in patients managed with PAC. The 
incidence of intraop CV complications, postop 
hypotension requiring vasopressors, use of IABP post 
CPB, and risk of pulmonary complications were not 
significantly different between CVP and PAC in any 
risk group. Although not statistically significant, 
the incidence of postop renal insufficiency was 
higher in group II patients who received PAC. No 
statistical difference was noted in outcome or 


postop complications of Groups III vs IV (Table 2). 


i Table 1. Incidence of Outcome Variables 


I Ila IIb Total 
CVP PA 
50 






6.0 10.9 






29.2 40.4 






Table 2. PAC Before Versus After Hemodynamic Event 





Death (Z) 10.3 12.5 
ICU Stay 

> 4d(%) 44.9 36.2 
Postop MI (2) 8.5 9.0 


Discussion. Early detection and correction of 
hemodynamic aberrations with PAC are believed to 
improve outcome in high risk patients. Our data 
indicates that in high risk patients undergoing 
cardiac surgery there was no significant difference 
in outcome or postop complications in patients with 
similar risk profiles initially managed with CVP or 
PAC. However, the incidence of prolonged ICU stay 
was greater with PAC, perhaps due to clinicians’ 
"need" to obtain more physiologic data when a PAC 
was present. Since outcomes of patients receiving 
PA catheters before or after a significant 
hemodynamic aberration were not different, this 
suggests that high risk pazients undergoing cardiac 
surgery may be managed initially with CVP and then 
PAC inserted later if needed, without affecting 
outcome. The latter approach may have an important 
impact on cost savings in these patients. 
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Introduction. Although high dose fentanyl 
(HDF) has become a popular anesthetic technique 
for cardiac surgery, other techniques may offer 
similar intraoperative hemodynamic stability. 
Prior work has revealed that diazepam-ketamine 
anesthesia produces comparable intragpgrative 
hemodynamics during cardiac surgery, with 
significant differences in the postoperative 
period. We have noted increased postoperative 
fluid and vasopressor requirements as well as 
times to awakening in patients receiving HDF for 
cardiac anesthesia. This study was undertaken to 
compare intra- and postoperative hemodynamics of 
HDF with the new water soluble intravenous 
benzodiazapene, midazolam combined with ketamine 
for cardiac surgery. 


Methods. The study wes approved by the 
Institutional Human Investigation Committee. 15 
patients undergoing elective coronary 
revascularization gave infcrmed consent and were 
randomly assigned to receive either HDF (N=10) or 
midazolam-ketamine (MK, N=5). All patients 
received diazepam 0.15 mg/kg orally for 
premedication; femoral arterial and oximetric 
pulmonary artery catheters were placed prior to 
induction. MK patients were induced with 
midazolam (0.5 mg/kg in increments) simultaneously 
administered with a ketamine infusion (2 mg/kg) 
over approximately 5 minutes. Maintenance of 
anesthesia was achieved with continuous ketamine 
infusion at 1 mg/kg/hr and increments of midazolam 
(.04 mg/kg/hr). HDF patients received fentanyl 75 
meg/kg over 5 min for induction followed by 0.3 
meg/kg/min infusion. All patients received 
vecuronium for intubation and maintenance of 
neuromuscular blockade. Data collected included 
hemodynamic profiles, fluid balance, and body 
weights. These variables were recorded at 
standard times from preinduction to 36 hrs 
postoperatively. In addition, time to awakening 
(eye opening and hand grasp to command), need for 
vasoactive infusions, incidence of perioperative 
myocardial infarction and postoperative emergence 
phenomena were recorded. Hemodynamic data were 
analyzed using ANOVA with repeated measures in one 
variable. Demographic data were analyzed using 
T-tests and chi-square analysis were appropriate. 
P <0.05 was considered significant. 


Results. Analysis of preoperative 
demographic data revealed no significant 
difference between groups in age, gender, ASA or 
NYHA class, preop MI, medical problems, 
medications, aortic cross clamp and bypass times. 
All patients had left ventricular ejection 
fractions greater than 0.45 and none of the 
patients had renal, hepatic or pulmonary disease. 
As shown in the table there were no significant 
differences in HR, RAP, PCWP, mean PA pressures, 
or LVSWI either before or at any time in the 36 hr 


period after cardiopulmonary bypass. Patients 
receiving MK had lover CI than HDF before intubation 
but no significant difference was noted at any other 
time. Post-bypass, MAP was significantly lower at 
all times in the HDF group. There was no difference 
in the use of vasodilators between groups. More 
patients receiving HDF required diuretics postop (8 
of 10 versus 2 of 5) despite no difference in 
preoperative diuretic use. Postoperatively, HDF had 
higher net fluid requirements(crystalloid + colloid + 
blood + blood product ~ chest tube and urine outputs) 
than MK (1786 + 2660 vs 40 + 514 ml at 24 hrs) and 
(1957 + 3095 vs - 29 + 528 ml at 48 hrs). 
Accordingly, MK patients gained less weight than HDF 
at 24 hrs (.98+.44 vs 2.3+2.0 kg) and 48 hrs (.36+.28 
vs 1.6+2.1 kg.) Use of dopamine for low systemic 
arterial pressure was less in the MK group (1 of 5 vs 
6 of 10). Time until awakening was longer in HDF 
patients (4.8£2.2 vs 1.7+0.3 hr, p<0.05). There was 
one perioperative MI, (in the HDF group). No 
abnormal emergence phenomena or recall were noted in 
either group. Although not quantitated, there did 
not appear to be any qualitative difference in 
postoperative pain, despite rapid awakening in MK 
patients. 


Table 1. Hemodynamic Variables 
STERN 
| F| MK | HDF MK | HDF| MK | HDF 
69416 71410 
96415 95414 























724 642 
1143) 105 
1745 20+7 

2. 34.92.44.2 


40+15 40411 
means + SD, C=control, Preintub=prior to intubation, 
Intub=3 min after intubation, Stern=3 min after 
sternotomy 


Discussion. Midazolam-ketamine appears to 
provide excellent hemodynamic stability both intra- 
and postoperatively for cardiac surgery. When 
compared to HDF it was associated with less need for 
postoperative vasopressors and fluids. The rapid 
emergence from anesthesia is beneficial for 
physicians and family members who desire to determine 
neurologic status as soon as possible after exposure 
to the CNS risks of cardiopulmonary bypass. It 
appears that this early awakening is unaccompanied by 
any untoward pain or hemodynamic events, perhaps 
because of the potent, lasting analgesic properties 
of ketamine. In summary, our data indicates that 
midazolam-ketamine offers several advantages over 
high-dose fentanyl in the postoperative period after 
cardiac surgery. 
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Introduction. Orthotopic liver transplantatioa 
(OLT) remains one of the most difficult challenges 
facing anesthesiologists today. OLT often involves 
large blood loss and replacement as well as adminis- 
tration of large amounts of blood products to cor- 
rect coagulation defects. Renal free H,0O excretion 
is often impaired in end stage liver disease (ESLD) 
and not responsive to routine diuretic therapy, pre~ 
disposing to increases in extravascular lung H,0 
during OLT. Recently, a new technique, contintious 
arteriovenous hemofiltration (CAVH) has been em- 
ployed for treatment of fluid excess in critically 
ill pts where hemedjalysis .or peritoneal dialysis 
are not possible. We hypothesized that removal 
of free H,O by intraoperative use of CAVH would 
improve oXygen transport in patients undergoing OLT. 

Methods. This study was approved by our 
institutions Human Investigation Committee. Ten 
consenting adults undergoing OLT were anesthetized 
by rapid sequence induction using etomidate, 
fentanyl and succinylcholine followed by isoflurane 
(0.25- 2.0%) in 0,/air supplemented with fentanyl 
and vecuronium. fionitors included radial arterial 
and oximetric thermodilution pulmonary artery 
catheters. PEEP was applied and adjusted as needed 
to maintain Sa0,> .90 at a nontoxic FIO,. CAVH was 
instituted in 5 pts with poor renal function via the 
femoral artery and internal jugular vein using a 
polysulfone membrane hemofilter (Amicon D30S) from 
which ultrafiltrate was collected. Hemodynamic 
profiles as well as shunt fraction (Qs/Qt), 
C(a-v)0,, and P(A-a) 0, were obtained 20 min after 
incision but before starting CAVH (baseline), 5 min 
before caval clamping (preanhepatic), 30 min after 
caval clamping (anhepatic), 30 min after resuming 
caval flow (recirculation), at end of case and at 24 
hr postop. All pts had femoral/portal vein to 
axillary vein bypass begun prior to caval clamping. 
Intraop transfusion consisted of PRBC and "cell 
saver" blood, FFP, cryoprecipitate and platelets, 
guided by Hgb levels and coagulation tests 
respectively. Crystalloid was administered to 
supply Ca , HCO, and glucose. Cumulative infusate 
and urine/ ultrafiltrate volumes were noted at enc 
of case. Body wt was noted preop and at 24 hr 
postop. Inter- val data was compared using ANOVA; 
other data with Student's t-test; p >.05 was 
considered significant. 

Results. There were no signif. differences in 
baseline hemodynamics, Qs/Qt, preop diuretic use or 
duration of anesthesia or surgery between groups. 
Intraop there were no signif. differences in HR, 
MAP, CLI, SVRI, or PVRI although pts receiving CAVH 
had signif. lower RAP and PCWP and greater C(a-v)0. 
in the period after recirculation thru 24 hr postop 
(see Table). Pts receiving CAVH had signif. decreas- 
ed P(A-a)0O, and Qs/Qt as well as lower PEEP require- 
ments compared to controls (see Figures). Pulmonary 
compliance was signif. higher after operation in pts 
receiving CAVH than controls (53.643.6 vs 26.7415.3 
ml/em H,O, p <.05). There was a net decrease fron 
preop body wt of -4.] + 2.7 kg with CAVH vs a gaia 
of 5,841.5 kg in controls (p <.001), in accordance 
with the intraoperative removal of 6944141 ml/hr f 


ultrafiltrate. Intraop voluma of infusate was not 
signif. different between groups (5764140 dl vs 
550497 dl in controls). No complications were 
associated with the use of CAVH. 


Cardiopulmonary variables during OLT with CAVH 


Control 
Time B. R E PO 
HR (bpm) 87246 9549 100+10 9748 
MAP (torr) 81410 8448 8844 8423 
PCWP (torr) 14+4 2426 2324 2043 
RAP (torr) 1324 1943 2244 18+2 
CL (l/min) 4.941.0 4.240.6 4.240.5 4.440.4 
SVRI 11204120 12344461 1270£195 1203+119 


C(a-v)0,(m1/d1) 2.954.32 3,474.44 3.54+.34 3.42+.31 


P(A-a)0, (torr) 12924 -- 361491 327489 


CAVH 

Time B R E PO 

HR (bpm) 88+8 93=14 95415 95412 
MAP (torr) 9245 92416 93217 99+10 
PCWP (torr) 1746 1825* 1623* 1643 
RAP (torr) 14#4 144% 1423* 1342* 
CI (l/min) 5.2#0.3 4.6Ł0.5 4.4+0.5 4.04+0.2 
SVRI 11934138 13704304 1461+356* 1707+128% 
C(a-v)0, (m1/d1)2.884.18 3.684.45%4.542.47% 4.554.35% 
P(A-a)O5(torr) 1374+21 -- 127424% 122+16* 


means =D, *denotes p< 0.05 compared to controls 


B=baseline, PA=preanhepatic, A=anhepatic, 
R=recirculation, E=end of case, PO=24 hr postop 
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Discussion, Acute pulmonary dysfunction after 
OLT is not uncommon when blood loss necessitates 
transfusion of hundreds of units of blood and prod- 
ucts. Pulmonary embolization of microaggregates, low 
serum oncotic pressure, elevated venous pressures and 
impaired renal function in pts with ESLD all contri- 
bute to hydrostatic and nonhydrostatic pulmonary 
edema with resultant R to L intrapulmonary shunting. 
Intraop use of CAVH reduced Qs/Qt, improved oxygena- 
tion and decreased PEEP requirements without any 
adverse hemodynamic effects during anesthesia for 
OLT. The improvements in pulmonary gas exchange and 
compliance are most likely due to decreased pulmonary 
interstitial H,O. CAVH is a simple technique that 
can be used by’ the anesthesiologist in the critically 
ill patient with impaired ranal function even during 
the intraoperative period. These preliminary results 
with the intraop use of CAVH are encouraging and. 
suggest the need for further clinical investigation. 
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Introduction. Barbiturates, which are known to 
Wosterically enhance the binding of benzodiazepines to 
he benzodiazepine receptor (1), along with their own 
mesthetie action also should enhance the anesthetic 
ffect of benzodiazepines. As a result, the conjoint 
ffect of a barbiturate and a benzodiazepine should be 
nore than the sum of the effects of the two agents acting 
‘eparately. The aim of the present study was to find out 
vhether midazolam-thiopental anesthetic interaction is 
ynergistic. 


Methods. Ninety unpremedicated ASA physical status 
or II adult (21-51 year-old) female patients scheduled for 
liagnostic curettage or other minor gynecological 
rrocedures participated in the study, which was approved 
xy the Institutional Review Board. Three groups were 
ised in the study: one group received thiopental, and two 
»thers received either midazolam or midazolam- 
hiopental combination. Each group consisted of 30 
vatients. As an end-point of anesthesia the abolition of 
he ability to open eyes on command was used. If the 
vatient did not respond to the command, she was assumed 
© be unconscious. The study was carried out double- 
lind, the response to the command was checked by an 
nvestigator who was unaware of what drug or dose was 
ised. The following predetermined doses of drugs each in 
ı subgroup of five patients were administered: in the 
hiopental group (mg-kg71, i.v.) - 1. T 2.0, 2.3, 2.6, 3.0, 
}.6; in the midazolam group (mg-kg~1, iv) -0 .07, 0. 10, 
) ‘13, 0. 19, 0.26, 0.37; in the midazolam-thiopental group 
mg-kg“ 1, iv.) = 0.03 and 0.7, 0.04 and 0.7, 0.06 and 0.7, 
08 and 0.7, 0.11 and 0.7, 0.15 and 0.7, (midazolam and 
thiopental, respectively). Patients were assigned to the 
‘ubgroups randomly. After determination of the end- 
oint of anesthesia, all patients received another dose of 
in intravenous anesthetic in order to obtain an adequate 
jepth of anesthesia before starting the surgical 
wrocedure. The percentages of patients found to be 
tsleep were converted into probit values and plotted 
iainst logarithmic value for the respective dose. Dose- 
‘esponse curves were determined with the use of probit 
analysis (2). To define the type of interaction between 
nidazolam and thiopental, isobolographic analysis was 
ised (ED5ọ level) (3). 


Results. The study groups were comparable with 
‘espect to demographic charactertistics of the patients. 
[he ED5o for midazolam was 0.19 (0. 1270; 34) mg'kg“t 
ind for thiopental - 2.9 (2.5-3.8) mg-kg“l. Comparison of 
he combined and single-drug ED59 doses is presented in 
the table. In combination, the sum of the fractional doses 
nas significantly lower than a single drug fractional dose 
0.5 vs. 1.0, p < 0.001). The ratio of a single drug 
‘ractional dose to a combined dose was 2.0. Thus, the 
‘able shows that approximately one fourth of the single 
irug EDsg dose for each of the two agents was needed in 
tombination to induce anesthesia in 50 percent of the 
vatients. The isobolographie analysis used in the present 
study demonstrated synergistic midazolam-thiopental 
nter_action for induction of anesthesia (abolition of the 
‘esponse to verbal command). 


Discussion. As far as the mechanism for the observed 
synergism is concerned, several possibilities can be 


considered. The benzodiazepine receptor, the GABA 
receptor, and the barbiturate binding sites are part of a 
supramolecular complex, and binding of a drug to one of 
the sites of this complex can allosterically modify the 
benzodiazepine receptor. It has also been shown that 
barbiturates enhance binding of benzodiazepines to the 
benzodiazepine receptor (1). The synergistic anesthetic 
interaction between midazolam and thiopental may be 
explained on this basis. Although pharmacodynamic 
mechanisms seem to de the most likely cause for the 
synergistic midazolam-thiopental interaction, pharmaco- 
kinetic factors cannot be excluded from the consideration. 
In conclusion, midazolam-thiopental interaction in 
patients results in a synergism regarding induction of 
anesthesia. 


Table. Midazolam-Thiopental Anesthetic Interaction 


Fractional Equi-Effective Doses (ED50) of 
Midazolam-Thiopental Combination 


Sum of 
Midazolam Thiopental Fractional 
Groups Component Component Doses RatioD 
M 1.00 0.00 1.00 _ 
(0.19)8 
M+T 0.26 0.24 0.5 2.0 
(0.05)8 (0.7)8 p<0.001 
T 0.00 1.00 1.00 = 
(2.9) 
M - midazolam group, M+T - combined midazolam- 
thiopental group, T - thiopental group 
7 - in mg-kg7l 


ratio of single-drug fractional dose to combined 
. fractional dose 


The p value denotes the significance of the difference 
between combined fractional dose and single-drug 
fractional dose. 


References. 


1. Olsen RW, Stauber GB, King RC, Yang J. Dilber A. 
Structure and function of the barbiturate-modulated 
benzodiazepine/GABA receptor protein complex. 
GABAergic Transmission and Anxiety. Edited by Biggio G 
and Costa E. New York, Raven Press, 1986, pp 21-33. 

2. Finney DJ: Probit Analysis. London, University Press, 
1952. : 

3. Loewe S: JIsobols of dose-effect relations in the 


combination of nikethamide and phenobarbital. J 
Pharmacol 1955;115:6. 


ABSTRACTS 


ANESTH ANALG S5241 
1988;67:S1-S266 


Title: Sodium Thiopental To Treat Fentanyl Induced Muscle Rigidity 


Authors: CA Vacanti, M.D. and FX Vacanti, M.D. 


affiliation: Department of Anesthesiology, Massachusetts General Hospital, Boston, Massachusetts 02114 


Introduction. The purpose of this study was to 
evaluate the effectiveness of sodium thiopental in 
abolishing muscle rigidity induced by fentanyl. We 
also wish to describe a safe and useful human model 
to evaluate the efficacy of various drugs in 
attenuating the rigidity associated with high-dose 
narcotic anesthesia. 


Methods. Six adult patients scheduled to undergo 
major elective surgery were evaluated. The study 
was approved by the research committee for human 
studies, and informed consent was obtained. The 
following monitors were employed: electrocardio- 
gram, blood pressure cuff, peripheral nerve 
stimulator and transcutaneous pulse oximeter. One 
kour prior to surgery, the patients were given 
ciazepam, 5 mg orally and morphine sulfate, 5 mg 
intramuscularly. Upon arrival to the operating 
suite, up to 2 mg midazolam was administered as 
needad intravenously, for sedation. A tourniquet 
was placed on an upper extremity and inflated to 
100 mmHg above systolic blood pressure prior to 
induction of anesthesia. Patients were pre- 
oxygenated for 3 minutes, after which time 25-50 
micrograms per kilogram of fentanyl was rapidly 
administered intravenously. Patients were then 
observed for signs of rigidity, including muscles 
of the forearm not occluded by the tourniquet, were 
eliminated from the study. After rigidity was 
noted to be present, 2 mg/kg succinylcholine was 
administered intravenously, and its effect on 
rigidity was documented. At this time the results 
of peripheral nerve stimulation using a train-of- 
Zour stimuli were documented. Five minutes after 
the onset of rigidity, patients were given sodium 
thicpental (TP) 1.5 mg/kg intravenously. Its 
affects were noted, as was the response to the 
train-of-four nerve stimuli. 


Results. In all cases where rigidity was noted in 
one forearm, it was also seen in the contralateral 
forearm. Succinylcholine administration abolished 
rigidity in all muscles proximal to the tourniquet 
after succinylcholine was given. At this time, 
there were no appreciable twitches seen in the arm 
not occluded by the tourniquet, while four strong 
and equal twitches were observed in the forearm 
occluded by the tourniquet. Within 90 seconds 
after sodium thiopental administration, the forearm 
below the tourniquet became relaxed in all cases. 
Again, there were no twitches observed with peri- 
pheral nerve stimulation in the unoccluded forearms, 
while four strong twitches were seen in the fore- 
arms distal to the occluding tourniquets. 


Discussion. The mechanism of action of muscle 
rigidity induced by high-dose narcotic anesthesia 


has not been fully elucidated. Studies in animals 
suggest that it is centrally mediated.(1-2) It has 
been reported that dopaminergic neurons within the 
basal ganglia may also be involved.(3) In humans, 
only muscle relaxants have be2n shown to attenuate 
the rigidity in the operating room environment, (4) 
while narcotic antagonists have been demonstrated 
as effective in the recovery room.(5) Indeed it 
has been reported that sodium thiopental is not 
effective in attenuating the rigidity seen in the 
extremities, when it is administered before 
alfentanil. (6) 

In this study we assume that the drugs 
administered proximal to the occluding tourniquet 
did not leak in to the distally occluded forearm. 
This is demonstrated by the fact that intravenously 
administered succinylcholine did not affect the 
muscles distal to the tourniquet. Accepting this, 
we have shown that the effect of high-dose fentanyl 
on rigidity is mediated via a central mechanis2, 
and that this effect is abolished, at least in the 
muscles of the forearm, by sodium thiopental given 
after the onset of rigidity. Though the effect of 
sodium thiopental may be via a generalized central 
depression rather than a specific antagonism of 
induced rigidity, it may serve as a useful adjuvant 
in the treatment of narcotic induced rigidity, 
until a specific treatment is described. Also, we 
have found the model described useful in evaluating 
the effectiveness of various drugs in treating 
narcotic induced muscle rigidity. 
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Introduction: End-Tidal carbon dioxide Results: Mean ETCO2 readings were: 
(ETCOZ) “monitoring is often quoted as a reliable esophageal 0.41% (range 0.1 to 0.7%), and 
method for the early detection of esophageal tracheal 2.83% (range 2.2 to 3.6%). Mean PaCco2 
intubation (1-3). However, a systematic study values were: pre-intubation 52.3 mmHg (range 34 
comparing its reliability to some commonly used to 82 mmHg); after 1 min of tracheal ventilation 
clinical signs has not been published. This 27.6 mmHg (range 22 to 37 mmHg); and after 1 min 
single blind study compared ETCO2 and four of esophageal ventilation 42.6 mmHg (range 33 to 
clinical signs for the early detection of 58 mmHg). 
esophageal intubation. Table 1 summarizes the performance of all 5 

tests for identifying esophageal intubation. All 

Methods: Twenty female Wistar rats (mean tests had high sensitivity. Abdominal distension 
weight 257 gm; range 226-286) each with a and moisture condensation had the lowest 
shronically implanted carotid artery cannula were specificity. 
studied. Each animal was anaesthetized with 4% A positive predictive value (PPV) of 1.0 for 
qalothane in oxygen and N20 (FIO2 = 0.5). Ten ETCO2 alone indicates that it identified all 
Qinutes after induction, simultaneous intubation cases of esophageal intubation. All 4 clinical 
»£ the trachea and esophagus was achieved with signs had PPVs of less than _1.0. Esophageal 
L4G Jelco cannulae. The tracheal cannula was rattle was the best clinical sign with a PPV of 
first connected to a Harvard rodent ventilator 0.95. When all 4 clinical signs were utilized 
‘rate 100/min; tidal volume 4.5 mls) and the together their performance still did not equal. 
nimal was ventilated with 1.5% halothane in an that of ETCO2 alone. Adding ETCO2 to the 
xygen/nitrous oxide mixture (FIO2 = 0.5). ETCO2 clinical signs raised their PPV from 0.95 to 1.0. 
‘eadings were taken at 40, 50 and 60 sec after Esophageal rattle was the clinical sign with 
‘ommencing ventilation using a Beckman Medical the lowest false positive rate (0.05) whereas 
‘as Analyzer - LB2 (Beckman; Illinois, U.S.A.) that for ETCO2 was zero. Adding ETCO2 to the 
those function had been previously tested in clinical signs reduced the overall false positive 
ats. During the period of tracheal ventilation rate to zero. 


he animal was closely observed for the presence 
r absence of 4 clinical signs: symmetrical 


ion: 1 redictive 

hest inflation, abdominal distention, moisture Discussion: serene paar | PS false 
ondensation in the cannula and an audible rattle of _ ẹsophagea All 4 clinical signs had lower 
round the cannula during the inspiratory phase. positivos: valúes and none werte free of false 
fter 1 min of tracheal ventilation, arterial Pr itiyes Chest movement and esophageal rattle 
lood gases (ABGs) were sampled and the pos the most reliable clinical signs for 
entilator was then connected to the esophageal were. esophageal intubation in our animal 
annula. Again, the animal was observed for the detecting phag 
bove mentioned clinical signs. ETCO2 readings model. 
ere taken at 40,50 and 60 sec, and ABGs were References: 
hen taken after 60 sec of esophageal 1. Birmingham PK, Cheney FW, Ward RJ: Esophageal 
entilation, Finally, the tracheal cannula was intubation: a review of detection techniques. 
econnected to the ventilator and the animal was Anesth Analg 1986; 65: 886. 
entilated with 100% Oxygen until awake. This 2 Murray IP, Model JH: Early detection of 
tudy sequence was used in all animals. The Gold endotracheal tube accidents by monitoring C02 
tandard for identifying cannula location in this concentration in respiratory gases. 
tudy employed 2 criteria: Anesthesiology 1983; 59: 344. 

i 3. Linko K, Paloheimo M, Tanimisto T: 
a) direct visualization during intubation, Capnography for detection of accidental 
ad (b) awakening of the animal during esophageal intubation. Acta Anesthesiol Scand 
antilation with 100% Oxygen at the end of the 


1983; 27: 199. 
tudy. In the second part of the study, results 


or all 5 variables (ETCO2 and 4 clinical signs) 
re randomly presented either alone or in 


TABLE 1: 
Comparison of 5 Tests for identifying Esophageal Intubation 


ifferent combinations to an experienced Yh, e OCT 
laesthetist who was blinded to the study. He ETCO2 Moisture Chest Abdominal rattle ait, eters 
1s asked to identify whether the variable/s were Rovenent Dictension er suse 
stained with tracheal or esophageal ETCO2 
mtilation, Estimates of sensitivity, 

vecificity, ositive redictive value and false 3 ` 1.0 1.0 
sitive Te were eklculated using standard Sensitivity -1:0 Aea #38 eg meee 

‘iteria for diagnostic tests. Sample size Specificity 1.0 0.7 0.9 0.7 0.95 0.95 1.0 
ilculation using previously published ETco2 Tei 

lues with an alpha (two tailed) of 0.001 and Ral etie . 4 
‘ta of 0.1 yielded a value of N = 6.8. By using value 1.0 0.76 0.9 0.76 0.95 0.95 1. 


' animals the confidence intervals of this study 
e in excess of 1203. 
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Introduction: In a previous study on humans, a paradoxical reduc- 
tion of mouth opening and increase in jaw stiffness during halothane 
anesthesia was associated with administration of succinylcholine, 
while similar results were not seen with pancuronium or vecuroni- 
um(1)}. Given the divergent neuromuscular effects of halothane and 
enflurane as well as the paucity of clinical reports on masseter spasm 
during enflurane anesthesia, this study examined the effects of 
succinyicholine and vecuronium on mouth opening and jaw stiffness 
during deep enflurane anesthesia. 


Methods: This protocol was approved by the institutional review 
committee for human experimentation. Subjects, 2 to 13 yrs of age, 
scheduled to undergo elective surgical procedures requiring general 
anesihesia and endotracheal intubation were elligible. Patients with 
TMJ disease, craniofacial disproportions or neuromuscular disease 
were excluded. Informed consent was obtained. The subjects were 
not premedicated, and anesthesia was induced by a separate 
anesthesia team with a nitrous oxide/oxygen mixture and enflurane. 
Monitors included ECG, blood pressure cuff, precordial stethoscope, 
temperature, and ETCO2 probe. Neuromuscular blockade was 
monttored by transcutaneous stimulation of the ulnar nerve with 
supramaximal, square wave stimuli at 1 Hz. When a clinically deep 
level of anesthesia was obtained with 3-5% enflurane, the patient's 
head was placed in the sniffing position. At time T1 the mask was 
removed and while the patient breathed spontaneously, mouth 
opening was accomplished by means of a constant force spring 
which was connected to a traction device positioned over the 
mandibular incisors. The resulting mouth opening (D1), expressed as 
the maxillary—mandibular incisal distance, was measured in mm. Next, 
at the discretion of the attending anesthesiologist, succinylcholine 
(1.5 mg/kg) or vecuronium (0.1 mg/kg), was infused over 15 s. When 
the visible twitch was lost completely at time T2, the second mouth 
opening D2 was measured. A third measurement D3 was taken at T3, 
45 sec after T2. If D2 or D3 was reduced 50% or more, 
measurements were continued at 1 min intervals. Jaw stiffness Ki, 
the rotational resistance to mouth opening under an applied test 
moment M, was calculated following the formula: 


Ki = M+(2*Q)"1 = FeLe(2esin “1 (Die(2eL)-1))-1 


where M equals the applied test moment (FeL) about the TMJ, Ø is 
the half angle of mouth opening from fully closed position; F is the 
constant test force; L is the distance in the parasagittal plane from the 
condyle of the TMJ to the edge of the central maxillary incisors; Di is 
the maxillary~mandibular central incisal distance. Statistical analysis 
included analysis of variance (ANOVA), two-factor repeated mea- 
sures ANOVA (RAM-ANOVA), one-population RM-ANOVA (op-RM- 
ANOVA), analysis of covariance (ANCOVA) and the Mann-Whitney U 
test before and after logarithmic transformation. 


Mean mouth opening Di in mm before and after relaxant administration 


rs o e 


i E 16.9+2.8 12.6 +14.3" 13.0+4.3° 


Vec 19.8 +3.6 20.4+4.0+ 20.9 + 4.1 
(n=21) 
F=8.6 F=37.1 F=37.5 
ANOVA | p<0.006 P<0.0001 P<0.0001 


* Indicates intra-subject, within-group differences significant at the 
P<0.0001 (for D2) and at the P<0.0005 (for D3) leve! by the one- 
population repeated measures ANOVA. 

+ Indicates intra-subject, within-group differences significant (p<0.05) 
by one-population repeated measures ANOVA. 
















Results: The group of patients receiving succinylcholine (N=23) 
did not difier significantly from the control group receiving vecuro- 
nium (N=22) except for D1 and K1 (ANOVA). One patient's mouth 
opening reduced to less than 1 mm atter succinylcholine, resulting in 
a large standard deviation. The statistical analysis is, therefore, given 
without this outlier (table). The RM-ANOVA for mouth opening 
demonstrated a significant (P<0.0001) interaction between the re- 
laxants and the repeated measures af Di. With each subject serving 
as his own control within groups (op-RM-ANOVA), mean mouth 
opening reduced significantly, 4.2 mm at T2 and 3.9 mm at T3 and 
mean jaw stiffness increased to 154 Nm/degree (P<0.01) at T2 and 
150 Nm/degree (P<0.02) at T3, after limb relaxation with succinyl- 
choline. 11 contrast, patients receiving vecuronium developed a 
significant increase in mouth opening at T3. Between group 
comparisons of D1, D2, D3, D2-D1, D3-D1, (D1-D2)/D1, and (D1- 
D3)/D1 demonstrated significant differences between relaxants by 
ANOVA and Mann Whitney U analyses, also after logarithmic trans- 
formation (table). ANCOVA, with D1 as covariate, confirmed the D2, 
D3, D2-D1, and D3-D1 differences. Jaw stiffness analyses confirmed 
the moutr opening results. Six patients in the succinylcholine group 
reduced -heir mouth opening 50% or more. Changes in mouth 
Opening over time are shown in the figure. Their mouth opening 
remained reduced beyond the time at which the first visible twitch 
returned (arrows). As recovery from limb relaxation progressed, 
mouth opening returned towards baseline values. Increased 
masticatory muscle stiffness was observed for up to 10 min. Two of 
these pat ents required multiple attempts at intubation due to mouth 
Opening reduction. Enflurane anesthesia, usually in excess of one 
hour, was continued throughout the procedure without signs of 
hypermetabolism or hyperthermia. 


Discussion: Significant reductions i mouth opening and increases 
in jaw stifiness were demonstrated after succinylcholine but not after 
vecuronitm administration, at a time when full relaxation of the limb 
muscles was present. The increases in masticatory muscle stiffness 
following succinylcholine during limb flaccidity suggests a property of 
the mast catory muscles fundamentally different from those of the 
limb mussulature. The reduction in mouth opening and the increase 
in jaw stiffness following succinyicholine during deep enflurane 
anesthesia may represent the usual pharmacological response of the 
masticatory muscles. Thus, endotracheal intubation may not be 
facilitated following succinylchcline during deep enflurane 
anesthesia. Furthermore, "strong responders” in terms of magnitude 
and duretion (isolated "masseter spasm") may be one end of the 
distribution of this response in the normal population. 


References: Vanderspek, AFL, Fang WB, Ashton-Miller JA, 


Stohler CS et al: The effects of succinylcholine on mouth opening. 
Anesthesiology, 1987; oct, in press. 


Mouth Opening versus Time 
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Patient 3 
Patient 4 
Patient 5 
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Introduction, High dose morphine was introduced 
into anesthesia because in the doses used it has no 
direct negative inotropic cardiac effects. The same 
property is shared by the newer, more potent, 
synthetic opioids. Nevertheless, it is well 
documented that decreases in hemodynamic function 
have been encountered with narcotic analgesics,! 
especially in combination with benzodiazepines.’ 
These occurrences have been ascribed to a decrease 
in central sympathetic outflow when sympathetic 
tone was needed to maintain homeostasis. A fall in 
plasma catecholamines (CA} has been reported to 
parallel hemodynamic changes in both patients and 
animals.2 Plasma norepinephrine (NE) levels are 
widely, though not unanimously, accepted as 
indicators of sympathetic efferent activity. We 
report here that alfentanil (ALF), unlike fentanyl, 
did not lower systemic plasma CA in dogs, although 
it did cause decreases in hemodynamic function. CA 
levels fell only when midazolam (MID) was added. 





Methods. Mongrel dogs were anesthetized with 80 
mg/kg alpha chloralose, intubated and ventilated 
with 66% N,O in oxygen to normal end-tidal pCO. 
The animals were instrumented to measure arterial 
pressure (AP), ECG, heart rate (HR), and left 
intraventricular pressure, which was used to derive 
dP/dt/P. When desired, cardiac output was measured 
by thermodilution in triplicate, and arterial blood 
samples obtained. Femoral veins were used for 
administration of fluids (4m!/kg/hr) and of drugs in 
stepwise, increasing, cumulative doses. Plasma CA 
were determined by HPLC; ALF and MID by GC. 
Intragroup data was analyzed by ANOVA followed 
by the Bonferroni modified t-test. Statistical 
significance was assumed at p < 0.05. 


Results. The figure shows the stepwise fall in AP, 
HR, CI, & dP/dt/P with 10, 20, and 40 ug/kg of 
ALF. Higher doses of ALF followed by an infusion 
had no additional effects. Plasma CA showed no 
shange at the lower 2 doses and rose with the 
uigher ones. MID up to 0.3 mg/kg had no 
1emodynamic effects; a bolus dose of 1 mg/kg 
caused only a transient drop in AP and increases in 
HR and CI. Plasma CA at this time were below 
‘control levels. Glycopyrrolate pretreatment in a 
‘eparate group of dogs, in doses sufficient to 
Ncrease HR maximally, failed to alter the AP, CI, 
x dP/dt/P. HR drop was smali and brief. In a third 
‘eries of dogs, which were autonomically 
lenervated, the same drug doses given in the same 
vay caused no changes whatever. 


Discussion. These results with ALF clearly differ 
rom the earlier ones with fentanyl in which CA 
ell together with hemodynamics4 The main 
aethodological difference is the anesthesia. Alpha 
hloralose is well known tc preserve reflexes and 
aaintain high sympathetic tone compared to the 
nflurane-N,O anesthesia used in the fentanyl 
xperiments. This difference alone does not explain 


University of California Los Angeles , Los Angeles, 


the discrepancy between hemodynamic and plasma 
CA changes. Plasma NE, even in arterial blood, only 
reflects the balance between the transmitter 
overflow during sympathetic nerve activity, which 
amounts only to a small fraction of the amount 
released, and the clearance rate. If a drug reduces 
neurogenic NE release but increases the percent 
reaching the systemic circulation, and/or decreases 
other clearance mechanisms at the same time, there 
would be no change or even an increase in the 
plasma concentration measured. Methods to measure 
CA clearance are available, but have not been 
applied to the issue under discussion, nor have 
measurements of drug effects on NE overflow been 
done. Furthermore, sympathetic tone, while 
predominant in determining cardiovascular function, 
is certainly not the sole factor. A parasympathetic 
mechanism has been ruled out by the glycopyrrolate 
observations. 
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Introduction: Clonidine, the alpha) adrenergic a er oe 
agonist, reduces the dose requirements for Fig 2: Effect of medetomidine E 


anesthesia and analgesia during surgical stimulatior 
1,2 Unfortunately, a "ceiling effect" followed by 
a reversal of the initial effect is obtained at 
higher clonidine doses” and may limit its efficacy 
as an adjunctive agent for general anesthesia. 
Medetomidine is more selective as a full agonist for 
central alpha) adrenoceptors than is clonidine’, is 
well-tolerated by patients? and is also available as 
individual stereoisomers. We now report on the MAC- 
sparing and cardiovascular effects of the 


stereoisomers of medetomidine in halothane- 
anesthetized dogs. 
Methods: Anesthesia was induced by mask 


inhalation of halothane in oxygen in seven male 
beagles (8-11 kg). Following tracheal intubation 
mechanical ventilation was initiated, to maintain 
normocarbia. Catheters were inserted percutaneousl7 
for intraarterial pressure recording (femoral 
artery), for pulmonary arterial and central venous 
pressure monitoring and cardiac output assessmen= 
(thermodilution) and for intravenous fluid and drug 
administration. End-tidal halothane and CO? 
concentrations, heart rate and rhythm, systemi: 
arterial pressure, central venous pressure pulmonary 
and arterial pressure were continuously displayed 
and recorded. Core temperature was maintained at 
37°C with a heating pad. After a 2 h equilibration 
period, the MAC for halothane was determined and 
baseline hemodynamic function was assessed. DL- 
Medetomidine, at 3 doses (1, 3 and 10 ug’ kg-+) was 
administered via the right atrial port over 5 min 
while maintaining the dog at its individual MAC for 
halothane. Ten min later, hemodynamic parameters 
were reassessed. MAC determination was then 
repeated. In two separate sets of experiments, dogs 
(n=5 each) were administered either the D or the L 
enantiomer of medetomidine and the same procedure 
followed as described above. Data were compared Ly 
ANOVA for repeated measurements and subsequently Ly 
paired t-test with Bonferroni correction. A p value 
of <0.05 was considered the level for significance. 

Results: MAC for halothane significantly 
decreased following DL-medetomidine administration 
in a dose-dependent fashion. The D-isomer displayed 
the same MAC-sparing effect as the racemic mixture 
while the L-isomer was without effect (Fig 1). 


Fig 1: Effect of medetomidine 
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relationship that can te accounted for by a 
homogeneous receptor population. Both pre- and 
postsynaptic alpha adrencceptors may mediate this 
response, the former by inhibiting central 
noradrenergic neurotransmission and the latter by an 
as yet undescribed mechanism which is currently 
under investigation in our laboratory. The reduction 
in cardiac output following medetomidine may be due 
to one or more of the following: 1) bradycardia; 2) 
postsynaptic alpha) mediated vasoconstriction of the 
peripheral vasculature; and 3) decreased oxygen 
requirements with the increasing depth of 
anesthesia. The role of medetomidine as a 
supplemental anesthetic agent appears promising and 
requires further investigation. 
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Introduction: Transesophageal two dimensiona™ 
echocardiography (TEE) pravides a reproducible 
assessment of global and regional left ventricular 
(LV) function. The development of new regional 
wall motion (RWM) abnormalities was shown to be a 
sensitive and early marker of myocardial ischemia 
in patients having cardiac surgery.¢ However, this 
study and many others employing TEE intraopera- 
tively, have utilized retrospective analyses of 
videorecordings. They were not performed in real 
time, on-line, in the operating room, and therefore 
the clinical utility of TEE was not assessed. In 
this study we evaluated an anesthesiologist's 
ability to accurately assess RWM on-line 
intraoperatively. 


Materials and Methods: The study was approved 
by the Institutional Review Board and informed con- 
sent was obtained from each patient. Fourteen 
patients undergoing cardiac surgery were studied 
(13 males and 1 female; mean age of 66). Nine 
patients underwent coronary artery bypass grafting 
(CABG), 3 patients underwent aortic valve replace- 
ment for aortic: stenosis and 2 patients had com- 
bined CABG and aortic valve replacement. The 
anesthetic regimen consisted of a narcotic base 
supplemented with a volatile anesthetic agent. TEE 
provided a view of the 5 LV segments (inferior, 
inferoseptal, anteroseptal, anterior and lateral) 
visible at the midcavity level. At 4 designated 
times during the course of the operation 
(pre-incision, post-sternotomy, post-protamine and 
at skin closure) an on-line assessment of RWM was 
made by an anesthesiologist (MDA). Each segment 
was scored by estimating wall thickening (SWT) and 
endocardial motion (SEM) during systole as follows: 
Norma} (1)=normal SWT and SEM 
Hypokinetic (2)=moderate reduction in SWT and SEM 
Akinetic (3)=minimal to absent SWT and SEM 
Dyskinetic (4)=paradoxical SEM and/or SW thinning 
At a later time, utilizing videorecordings obtained 
at the 4 time periods, cardiac cycles representing 
each period were digitized and displayed on a 
quadscreen (Microsonics computer) to facilitate 
RWM analysis by an experienced echocardiographer 
(RN). Data obtained on-line were then compared 
with the computer-assisted analysis which were con- 
sidered to be the reference standard. 


Results: In the interval from pre-incision to 
skin closure, 65% of segments remained unchanged, 
24% of segments deteriorated, and 11% of segments 
improved. Sixty-five percent of RWM changes noted 
were in the septal region. Figures 1 and 2 show 
the correlation between the on-line assessment of 
RWM as compared with the analysis done by an echo- 
cardiographer. There was complete agreement of RWM 
score in 68% of segments analyzed (187/275) and 
disagreement by two or more grades in 5% (14/275) 
segments analyzed (Figure 2). Of the 88 
disagreements in RWM analysis 51 (58%) were in the 
septal segments. 


Discussion: Although the onset of new RWM 
abnormalities is a sensitive and specific marker of 


myocardial ischemia, it is uncertain whether subtle 
changes in RWM can be reliably detected intraopera- 
tively so as to affect a change in management. In 
this study, there was generally good agreement in 
RWM score between the real time and retrospective 
analysis. Nearly 60% of differences in RWM score 
occurred in the septal segments. Of concern are 
discrepancies of mcre than 2 grades seen in 5% of 
RWM analyses. Charges in RWM in the septal 
segments have been reported to occur after cardiac 
surgery and may be related to pericardiotomy with a 
loss of pericardial "tethering", and not 
necessarily due to ischemia.3 Other possible 
causes for discrepancies in RWM assessment include 
differences in segment demarcation, the inability 
to make on-line comparisons of the echocardiograms 
obtained at sequential time periods and differences 
in the interpretation of RWM. 
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275 segments out of a possible 280 segments were 
scored. 5 segments could not be assessed. 
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Introduction. Rectal methohexital (Brevital) is 
an induction agent commonly used to facilitate 
separation of small children from their parents. 
Although this technique has been used with apparent 
safety in many patients, effects upon oxygenation 
are unknown, This study was designed to evaluate 
the effect upon oxygen saturation of rectal 
methohexital. 


Methods, Patients ranging in age from 8 months 
to 5.5 years were selected at random. All were ASA 
I or II without cardiopulmonary disease. Oxygen 
saturation and heart rate values were recorded with 
a Nellcor pulse oximeter placed on a digit prior to 
administration of rectal methohexital. The dose of 
methohexital was chosen by the anesthesiologist. 
Recordings were made every 30 seconds of oxygen 
saturation, heart rate, state of consciousness and 
body position and were continued until the patient 
was transported to the operating room. Since many 
patients were carried, recordings were resumed when 
zhe patient was placed on the operating table. 


Results. Twenty-four patients were studied. 
Eleven were cooperative enough to enable accurate 
recording of oxygen saturation prior to 
administration of methohexital. One dose of 
methohexital was given to each child (24-34 mg/kg.) 
Twenty-two patients went to sleep with this dose; 
two were mildly sedated but separated easily from 
their parents. Ten of the 24 patients developed an 
oxygen saturation less than 95% after methohexital 
administration. In 4, saturation was less than 90% 
(range 81-89%.) The table illustrates when these 
desaturations occurred. Four patients developed 
desaturation in the holding area. Of these, 1 
datient desaturated to 81% while crying and upset bit 
this abated spontaneously as sleep occurred. 
Desaturations seen in the other 3 patients also 
resolved spontaneously. In 7 patients, desaturation 
was described following transport with the first 
measurement taken on the operating table and all 
resolved with supplemental oxygen. One of these 


patients also desaturated in the holding area. 
Cyanosis, airway obstruction or heart rate less than 
100 b.p.m. were not appreciated in any patient. 
Position in the holding area or during transport did 
not correlate with desaturation. 


Discussion. Our results demonstrate that oxygen 
desaturation commonly occurs following induction 
with rectal methohexital. Pulse oximetry can 
detect this non-invasively in.the absence of clinical 
signs. Desaturation that occurs in the holding area 
prior to transport appears to be self-remitting. 
Desaturation more commonly occurs after sleep 
following transport to the operating room. 
Therefore, following rectal methohexital, patients 
should not be left unattended, they should be 
transported expeditiously, and supplemental oxygen 
should be readily available. 
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INTRODUCTION. Epidural administration of morphine 
irovides profound analgesia but also causes adverse 
‘ffects.1 Much interest has been focused on finding 

suitable replacement for epidural morphine. The 
resent study was undertaken to evaluate the analge- 
ic efficacy and safety of epidural nalbuphine and 
utorphanol, two widely used partial agonist-antago- 
ist opioids, in comparison to that of epidural mor- 
hine and meperidine. 

METHOD. The study was conducted after institu- 
ional approval and informed consents were obtained 
rom all the patients prior to their entry into the 
tudy. Eighty adult patients scheduled for elective 
pper abdominal surgeries were enrolled in this stucy. 
n the day of surgery, prior to induction of anesthe- 
ia, an indwelling #18 gauge epidural catheter was 
nserted through the Lj-2 or L2-3 lumbar vertebral 
nterspaces and taped securely in place. All the pē- 
ients were then given general anesthesia with either 
alothane or enflurane in N20-02 without any narcotic 
talgesic. In the post-op period, when the patients 
uty recovered from the effect of anesthesia and 
mmplained of severe pain, they were divided into 4 
qual groups of 20 patients each in a randomized, 
duble-blind fashion and received epidural administra- 
ion of meperidine 50 mg (group 1), butorphanol 2 mg 
jroup 2), nalbuphine 10 mg (group 3) and morphine 
ilfate 5 mg (group 4) respectively. All medications 
re prepared in 10 ml normal saline. All patients 
re observed for pain relief (by visual analogue 
:ores), vital signs, arterial blood gas studies and 
verse effects for 24 hours. "Rescue" analgesics of 
‘peridine 50-75 mg I.M. were given whenever patients 
mplained of recurrence of severe pain. 

RESULTS. The demographic distribution and initia] 
‘in intensities were similar for all 4 groups. Onse= 
` pain relief with epidural nalbuphine and butorpha - 
ıl appeared at 5-10 minutes, peaked at 25-30 minutes 
th a duration averaging 6.4 hours, and 6.2 hours 
‘spectively. Epidural meperidine showed a similar 
algesic onset with a longer duration of action 
‘eraging 8.3 hours. On the other hand, onset of 
algesia with epidural morphine began at 15 minutes, 
aked at 60 minutes, and lasted 16.2 hours (Fig). 
cidence of adverse effects were much less in the 
idural nalbuphine and butorphanol groups (Table I) 

Clinically significant respiratory depression was 
served in any of the patients but PaCO? values for 
e butorphanol and morphine groups were increased 
er baseline values at different time periods (Table 





DISCUSSION. In our study both epidural nalbuphine 
d butorphanol demonstrated a very similar analgesic 
ofile with faster onset and shorter duration of 
tion compared to that of morphine. The rapid onset 
d short duration probably is due to their high li- 
d solubility which also accounts for the short 
tion of epidural meperidine. Being primarily Kappe 
onist both nalbuphine and butorphanol were associ- 
ed with less incidence of adverse effects commonly 
served with epidural morphine. Even though no pa- 
ent showed clinically significant respiratory de- 
ession (respiratory rate <10/min.) arterial blood 
s studies did show statistically significant in- 
zases in PaC02 in the butorphanol group at 30 min., 


l and 2 hours post drug administration (P <0.05). 
Our observation is in accordance to that reported by 
Rein, et al.2 In conclusion, epidural nalbuphine and 
butorphanol appear to provide efficacious pain relief 
with less untoward effects in patients with postopera- 
tive pain but their analgesic effects might be too 
short to make them an ideal replacement for epidural 
morphine for this purpose. 

REFERENCES. 
1. Reiz S, Westberg M: Side effects of epidural mor- 
phine, Lancet 1980, 2:203-204. 
2. Rein P, Brothers W, et al: Respiratory depressant 
effects of epidural butorphanol. Anesthesiology 1985, 
63:A247 


SIDE EFFECTS 
Grp.l Grp.2? Grp.3 Grp.4 


TABLE 1 





Nausea 15% 15% 10% 30% 
Voniting C10% 5% 5% 20% 
Pruritis 10% 0 0 20% 
Drowsiness 55% 50% 15% 20% 


Urinary Retention 
(in non-catheterized pt. ) 


Respiratory depressian 


TABLE 2 PaC02 VALUES (*P < 0.05) 
eee 
Hour 0 k 1 2 4 8 
sa a 
Group 





1 38.6 40.0 39.7 38.0 38.5 37.8 
+5.2 47.1 46.1 45.0 45.7 45.7 
2 37.4 42.4* 40.5* 39.3* 38.4 38.5 
44.8 46.0 45.8 44.3 45.4 45.1 
3 37.7 37.9 38.4 38.5 37.6 37.8 
42.5 42.9 43.0 42.9 42.6 43.0 
4 38.1 38.4 39.0 40.6* 39.7 38.0 
42.8 42.9 42.6 43.4 42.9 42.9 





Fig. Analgesic Effect ( *p<0.05 ) 
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Grp. l=meperidine 
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Introduction. Cardiopulmonary bypass (CPB) is 
followed by a transient increase in pulmonary vascu- 
lar impedance (PVI) among patients with normal 
preoperative pulmonary circulation!. Thus, heart 
homografts, whose right ventriclar function jis de- 
pendent on PVI2, may by adversely affected after 
CPB. The purpose of the study was to determine the 
effects of CPB on total pulmonary vascular resist- 
ance index (TPVYRI), a measurement of PVI in heart 
recipients after CPB. 


Methods. 23 heart transplant recipients (NYHA 
Class IV) with cardiomyopathy (PCM, n=11) or ischem- 
ic cardiomyopathy (ICM, n=12) (males 20, females 3; 
52+ 13 yrs, 72 +13 kg, 1.8 + .2 m2 BSA) were 
premedicated with lorazepam (10-30 mcg/kg) anesthe- 
tized with fentanyl (25 + 19 mcg/kg) and isoflurane 
(.25-.75%) in oxygen and air (Fi0g > .7), paralyzed 
with vecuronium (.1 mg/kg) and mechanically ventila- 
ted (PaCop 33 < mmHg, PEEP = 5 cm H20). Drug 
Support before or after CPB included dobutamine 
(DBT), dopamine (DOP), isuprel (ISU), nitroglycerin 
(NTG) or nitroprusside (NTP), (mcg/kg/min), to main- 
tain cardiac index (CI) > 2.5 L/min/m@ BSA. After 
heparinization (300 units/kg) hypothermic (28°C) CPB 
(plasmalyte®-mannitol prime) was initiated (Q= 1.8 
L/min/m@ BSA, MAP 70 mmHg, hematocrit > 25%). 
Isoflurane (.25-1%) was vaporized in the oxygenator 
to control MAP and assure amnesia. Heart rate (HR, 
bpm), mean aortic pressure (MAP, mmHg), mean pulmon- 
ary artery pressure (MPAP, mmHg), central venous 
pressure (CVP, mmHg), pulmonary artery diastolic 
pressure (PADP, mmHg), thermodilution cardiac index 
(CI, L/min/ me BSA), systemic and total pulmonary 
vascular resistance indices (SVRI, TPVRI and  PVRI 
[Normal=350 + 80], dynes sec cm~5m@ BSA) were 
measured a5 steady state and/or calculated (standard 
equations 3)) within 20 minutes before and after 
CPB. CPB (CPBT), graft ischemia (IT), and reperfu- 
sion times (RT), Fide, PAO (mmHg), (A-a)Oo (mmHg), 
Hct, ABG, Temp (°C), electrolytes, anesthetic and 
vasoactive agents were recorded at the time of 
hemodynamic measurement. Student t test and Pearson 
regression analysis (EPISTAT®) were used to estab- 
lish significance and correlation. 


Results. In 8 of 23 patients (Group I: ICM 5, 
PCM 3) IPVRI rose 21% from prebypass values of 530 + 
193 (p < .05) while in the remaining 15 (Group II: 
ICM 7, PCM 8) TPVRI decreased 33% from prebypass 
values of 735 + 310 (p < .01) (Figure). Group I and 
II were matched, before bypass, for age, wgt, BSA, 
diagnosis mixture, HR, MAP, CVP, CI, SVI, TPVRI, 
SVRI, pH, PCo2, P0O2, A-aDop, DOB, DOP, NTG, NTP and 
inspired isoflurane and fentanyl dose. MPAP and 
PADP before bypass were lower in Group I (23 + 6, 17 
+ 5) than in Group II (31 +9, 25 + 7) respectively 
Tp = .02), and postbypass decreased (MPAP 17%, PADP 
16%) only in Group II (p = .02). For all patients 
percent change in TPVRI postbypass was a linear 
function of the percent change in PADP (Y =.74X-8.5, 
p < .01, R= .63). Although CBPT (143 + 48, 122 + 


21), IT (154 + 58, 163 + 66) and RT (63 + 36 vs 53 
+14) of Group I and II respectively were not 
different, post bypass CI and SVI of heart homo- 
grafts were higher in Group II (4.5 + 1.2, 41 + 14) 
than in Group I (3.2 + .5, 30+ 7, p< .05) for 
similar postbypass HR (Group I T09 + 11 and Group 
II 114 + 22). For both grouas, heart homograft CI 
was a Tinear function of postaypass TPVRI (Y = 6.57 
-4.7X, p < .001, R -.72). SVRI was significantly 
lower in Group II (1004 + 271) than in Group I 
(1633 + 209), p < .01. After bypass pH and pCo 

were similar but, Hct was 36% lower Chanda luton) 
and Paog and (A-a)og (Fide = 1.0), were 34% and 39% 
(Group I and II) higher than prebypass values in 
both groups with no differences between groups. 
Post bypass rates of administration of DBT (7 + 3, 
6 + 4), DOP (1+ 2, 1+1), NIG (3+ 2, 3+ 1), NTP 
(3+ 2, 3+ 2), for” Group I and II respectively 
were not different between groups., ISU (.01 + .02, 
-02 + 03) was given only after bypass. Rates of 
NTG, as) were higher after tran before bypass (1+1, 
p < .05). 


Discussion. The reported! increase in PVI 
after CPB occurred in only 1/3 of heart transplant 
recipients. In the remaining 2/3 of recipients, we 
recorded a significant fall in PVI. These opposite 
changes in PVI may reflect the difference in 
performance of each group's respective left ventri- 
cles rather than changes in pulmonary vasculature. 
This difference in left ventricular performance 
which can be explained by differences in SVRI may 
also be reflected in the respective PADP, which in 
this study correlated well with changes in TPVRI. 
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(INTRODUCTION: The utility of the priming principle 
ior speeding onset of muscle relaxation remains 
controversial. This may be because the optimal 
loses and time intervals between doses required in 
lifferent circumstances are not known. This study 
‘compares different time intervals between fixed 
riming and intubating doses of vecuronium in a 
roung and geriatric population. 

(ETHODS: With institutional approval, 65 PS 1-3 
surgical patients were studied. Forty two patients 
rere 18-40 years old (Group A), and 23 were greater 
than age 65 (Group B). Fentanyl 50-200 ug iv, and 
tidazolam 1-3 mg iv, was administered as necessary 
o allow awake neuromuscular blockade monitoring. 
‘he ulnar nerve was stimulated supramaximally with 
epetitive trains-of-four (Z Hz for 2 sec at 10 sec 
ntervals) at the wrist with surface electrodes. 

he evoked compound electroryogram of thumb 
dduction was obtained using the Puritan- 
ennett/Datex Neuromuscular Transmission Monitor. 
he degree of neuromuscular block was described as 
ercent of control of the first train-of—four 
esponse. Each patient was randomly assigned to one 
f 5 cells comprising the Group. Cell 1 patients 
eceived a single dose of vecuronium 0.1 mg/kg iv 
fter induction of anesthesia. Patients in cells 
-5 received a priming dose of vecuronium 0.01 mg/kg 
v prior to anesthetic induction, followed by 0.1 
g/kg iv after the assigned interval (2,4,6,and 8 
in, respectively). Prior to administration of the 
econd dose (or single dose), anesthesia was induced 
ith thiopental 3-5 mg/kg iv and fentanyl 100-500 ug 
v, and maintained with nitrous oxide/oxygen. No 
dlatile anesthetics were administered. Intubation 
as attempted 90 sec after the single or second dose 
E vecuronium. Per cent twitch depression just 

rior to the second dose, per cent twitch depression 
) sec after second dose, and time to 95% blockade 
as recorded for each patient. An ease of 

itubation score ranging from 4 to 1 (easy, some 
2sponse, difficult, impossible - respectively) was 
ssigned to each patient. Symptoms of weakness 

‘ter administration of the priming dose were 
corded. Statistical analysis of twitch height and 
iset time data was done by analysis of variance, 

re Student-Newman-Keuls test, and t-test. 

itubation scores were analyzed by the Kruskal- 
illis test. 

SULTS: Patients in Group A averaged 30 +/- 7.6 
vars of age (mean + SD), while Group B patients 
reraged 71 +/~ 5.3 years of age. No patients 
iffered significant side effects due to the priming 
se. Twitch depression prior to the second dose 

ıs minimal in all cases. Group A patients showed a 
gnificant increase in the degree of twitch 
‘pression 90 sec after the second vecuronium dose, 
irresponding to increases in the dose interval from 
to 8 min (p<0.05) (Table). Significant 

fferences were found in the times required for 95% 
ock (Table). The cell that received a single 
tubating dose took significantly longer to achieve 


95% block than the 6 min priming interval cell or 
the 8 min cell. The group using a 2 min interval 
also took significantly longer than the 8 min group. 
There is insufficient data at this time to perform a 
similar analysis of variance for Group B (age > 65). 
Comparison of the single dose cells for young 
and old showed a longer time to 95% block for the 
older group (p<0.05). Comparing the 8 min interval 
cells also showed a longer time to 95% block for the 
older group (p<0.05). The difference for the 6 min 
interval cells was suggestive of a longer time to 
95% block in the older group. Evaluation of 
intubation scores in the younger group showed that 
priming intervals of 2, 4, 6, and 8 minutes all 
provided significantly easier intubating conditions 
than single doses of vecuronium. Insufficient data 
exists for similar analysis in the older group. 
CONCLUSION: This study shows that priming with 
vecuronium effectively achieves rapid twitch 
depressicn and good intubating conditions when used 
in young patients. 6 minutes was found to be an 
adequate priming interval when doses of 0.01 mg/kg 
and 0.1 mg/kg were used for priming and intubation 
in this age group. The data obtained suggests that 
priming may expedite relaxation in old patients. 
However, times to 95% twitch depression are longer 
in this group when compared to young patients even 
when the same doses and time intervals are used. 
These findings suggest: 1) priming is effective 
in young people, 2) using accepted doses and 
intervals (1), priming may not be sufficiently 
effective in geriatric patients to be considered a 
safe technique for rapid intubation, 3) appropriate 
doses and intervals for older patients should be 
sought in appropriately designed studies, not 
inferred from data obtained from younger age groups. 


TABLE (Mean +/- SD) * = p<0.05 
GRR no IL pana 
1A 8 single 57+/-28 156+/-47 x 
1B 5 dose 20+/-37 2424+/-85 
2A 6 57+/-29 142+/-43 
2B 7 2 47+/-29 170+/-44 
34A 9 67+/-33 129+/-40 


3B 2 4 45+/- 6 200+/- 0 


4A 9 83+/-19 101+/-28 

48 5 6 70+/-39 125+/-70 

5A 10 83+/-19 101+/-28 » 

5B 4 59+/-17 170+/-69 
I: Priming interval (minutes) 


II: Twitch depression 90 sec after 2nd dose of VEC 
III: Time to 95% blockade (seconds) 
REFERENCE: 1. Taboada JA, Rupp SM, Miller RD: 
ANES 64:243-247, 1986. 
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Introduction. In extensive in vitro studies 7 % 
of all tested single chamber pacemakers (SCPM) and 
67 % of dual chamber pacemakers (DCPM) showed shock 
wave (SW) induced dysfunctions due to electromagne- 
tic and mechanical interferences (1). Even complete 
mechanical failure has been described when the pace- 
maker (PM) has been exposed to the focal point of 
the shock wave (2). Therefore, extracorporeal shock 
wave lithotripsy (ESWL) has been considered an abso- 
lute contraindication in the presence of a cardiac 
PM. On the other hand, in vitro tests demonstrated 
that PM-malfunctions can be avoided by adequate safe- 
ty measures such as reprogramming a DCPM into a 
single chamber mode (VVI). 





Methods. After obtaining Institutional Review 
Board approval and informed consent, eleven ASA 
class III or Iv patients (7 males and 4 females; age 
47 - 74 years) with cardiac pulse generators and 
nephrolithiasis underwent ESWL-treatment under ge- 
neral anesthesia using a Dornier HM 3 - Lithotrip- 
ter (Fig. 1). 7 patients with a SCPM (Medtronic 5983, 
CPI 522, Pacesetter 221 A, 2 x Cordis 337 A," 2 x Bio- 
tronic Neos 01) and 2 patients with a DCPM (Paceset- 
ter APP 283, Medtronic Versatrax 7000) were included 
in the study and all PMs were located in the pecto- 
ral region. In 2 patients a temporary external PM was 
used (2 x Medtronic 5375). All pulse generators were 
checked before and after treatment. During ECG-syn- 
chronized SW-application stability of programming, 
threshold, pa¢ing and sensing functions were tested. 
Mcde of operation, stimulating rate, sensitivity and 
amplitude of the pulse generators were varied. Syn- 
chronous recording of shock waves, ECG and arterial 
pressure allowed exact analysis of the shock wave 
triggering event and the possible hemodynamic conse- 
quences (Fig. 2). 


Results. An average of 1200 SWs (range 500 - 1700: 
at an energy level between 16 and 20 kV was applied 
during each treatment. Initially, all PMs were set 
to single chamber mode (VVI). No SW-related mal- 
functions could be detected under these conditions. 
Even after switching to other modes of operation 
(AAI, VAT, DVI, DDI, DDD) in the 2 patients with a 
DCPM, no changes in sensing and stimulating, or dis- 
turbances of programming could be observed. Analysis 
of time intervals in the ECG-recordings proved that 
in all cases SWs were released by the PM-initiated 
QRS-complex and never by the PM-spike itself, thus 
avoiding SW-induced arrhythmias (Fig. 2). The mini- 
mal distance between PM and SW-axis was 11 cm. The 
distance between PM and calculus measured at least 
16 cm. 


Conclusions. This clinical study demonstrates 
that ESWL in cardiac pacemaker patients is’a safe 
procedure, provided the following key safety measures 
are applied: 

1) Pre- and post-treatment control of PM-function. 

2) Availability of the type-specific PM-programmer. 

3) Modification of the PM-programming (low atrial 
sensitivity and prolonged refractory period) ac- 
cording to ESWL conditions. 

4) SW-triggering only by QRS-complex, not by PM-sti- 
mulus (depending on quality of signal processing 


in the ECG-monitor) . 
5) Evaluation of the distance PM to SW-axis with spe- 
cial consideration for abdominally implanted 
PMs (Fig. 1). 
6) Insertion of a large central venous access capable 
of holding a pacing lead. 
Results of this study cannot be extended to other 
types of lithotripters and newer high-sensitive PMs 
such as rate responsive systens. 
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Figure 1. Patient positioning in the lithotripter 
(note the spatial relationship between 
shock wave axis and implanted pacemakers) 
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Figure 2. Original recording of QRS~complex-triggered 
shock wave impulses (arrows), ECG and arte- 
rial pressure (AP) 
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Introduction. Increasing evidence suggests 
that epidurally applied alpha-2 agonists (eg cloni- 
dine) may produce, analgesia by a mechanism different 
than that of narcotics (1). Before epidural admin— 
istration of clonidine for pain control in humans 
can be evaluated the hemodynamic safety of this 
route must be ensured. This study was designed to 
answer three related questions concerning; 1) the 
hemodynamic consequences of epidural clonidine in 
awake sheep, 2) the time course for the hemodynamiz= 
effects of epidural clonidine, and 3) whether ther= 
is a mechanism to correct any hemodynamic changes 
produced by the drug given by this route. 


Methods. As approved by the Animal Resources 
Centre, 6 non-pregnant breeding-age sheep, weighinz 
50-90 kilograms, were prepared under halothane 
anaesthesia. Regional dissection allowed insertioa 
of a right carotid arterial line, a right internal 
jugular Swan-Ganz catheter, and a percutaneous lumbar 
epidural catheter. Placement of these lines was csa- 
firmed by hemodynamic measures for the arterial and 
Swan-Ganz catheters and raciographically for the 
epidural catheter. 


The sheep were allowed to recover for 24 hours 
and remained stable during the study period. Over 
the next 3 to 5 days the response of these unsedatec 
animals to an increasing dcse of clonidine, given =r 
ñ mls of saline through the epidural catheter, was 
recorded. On the first day 5 pg/kg was given; and 
the next, 10 pg/kg; and on the third, 15 pg/kg. 
zentral venous pressure (CVP), heart rate (HR) and 
ardiac output (CO) were recorded as a base line arc 
it 15, 30, and 45 minutes after each dose. Forty- 
‘ive minutes after the largest dose the changes in 
VP and HR were corrected with crystalloid and 
ttropine sulfate and the hemodynamic measures were 
‘epeated. Statistical analysis of data was performed 
ising the Wilcoxon signed rank non-parametric test. 


Results. The decreases in HR and CO were lese 
tarked with increasing dose and time. These resulte 
‘gree with previous work done in anaesthetized pigs 
nd dogs (2),(3). The CVP decreased constantly as 
ose and time increased. These changes, at all 
oses, were significant (P< 0.05) when compared tc 
ontrol. Mean arterial pressure showed a tendency 
o decrease following the low doses and to increase 
fter the higher doses, but neither change was sta- 
istically significant. Systemic vascular resistance 
SVR) increased significantly (P < 0.05) after 
0 - 15 pg/kg. Restoring central venous pressure to 


the baseline improved cardiac output, but only by 
correcting both CVP and HR could cardiac output be 
returned to normal. Table I. As CO was restored 
systemic vascular resistance returned towards 
baseline. 


Discussion. The decreases in HR, CO and CVP 
may be related to decreased sympathetic output and 
changes in intravascular volume. The changes in HR 
and CO were less marked at the highest dose and at 
the end of 45 minutas, suggesting that near maximal 
Gepression had occurred. The CVP decreased ina 
linear fashion with dose and time. The correction 
in these three variables by infusion of crystalloid 
and atropine suggested no significant negative ino- 
tropic effect of epidural clonidine at these doses. 
This manipulation produced an increase in mean arter- 
ial pressure of 24% above baseline. This Study docu- 
ments a decrease in CO as a result of epidural cloni- 
dine in awake sheep. Dose and time response suggest 
a ceiling to this effect, while correction with vol- 
ume and atropine suggest the mechanism to be a 
relative sympathectomy and drop in preload. 
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Introductian. Several studies have described 
the predictable EEG depression that occurs when nar- 
cotics are used as induction agents. Caution must 
be exercised when interpreting EEG changes and 
correlating them with anesthetic state or depth 
especially when multiple drugs are used. We have 
investigated the EEG and hemodynamic changes that 
occur when small quantities of barbiturates are 
administered to patients anesthetized with narcotic 
induction techniques. 


Methods. After obtaining informed consent and 
approval of the Human Investigation Committee, 23 
ASA I and II patients with weights between 55 and 
80 kg were studied. All patients were premedicated 
with glycopyrrolate and morphine 0.1 mg/kg IM at 
least l hour prior to anesthetic induction. Pa- 
tients were monitored with automated blood pressure, 
EKG, pulse oximeter, nerve stimulator, and end tidal 
CO, monitoring. The Lifescan-Neurometric® EEG moni- 
tor aad research system was used for monitoring 
electrocortical activity. 

Following several minutes of baseline EEG and 
hemodynamic data collection, anesthesia was induced 
with vecuronium 0.05 mg/kg and fentanyl 121g/kg IV 
push. Patients were included in the study if a 
delta wave dominant pattern developed within three 
minut2s of the fentanyl bolus and if the pattern re- 
mained stable for at least two minutes at which time 
EEG and hemodynamic data were again collected. The 
subjects were randomly assigned to one of two 
groups: Group 1 (N=9), patients received 6 cc of 
normal saline placebo IV, or Group 2 (N=10) patients 
received 2 mg/kg thiopental IV push. Two minutes 
later, EEG and hemodynamic data were again collect- 
ed. During the induction period, motor responsive- 
ness was tested using an isolated arm technique and 
two-word phrases were verbally introduced to the 
subjects to test for recall one day following 
surgery. 


Results. Nineteen of the 23 patients achieved 
a stable delta wave dominant pattern. All patients 
were unable to respond to command and to spontane- 
ously recall or recognize the phrases following de- 
velopment of the low-frequency high-amplitude delta 
domirant EEG pattern. Those patients remaining in 
an alpha dominant pattern, though heavily 
narcctized, were able to respond to command, spon- 
tanecusly recall some phrases, and successfully 
recognized the other phrases. 

The BP, HR, and EEG data are summarized in 
Table 1. Since baseline EEG activity, specifically 
the beta band, is frequently contaminated by signif- 
icant amounts of EMG activity, the baseline EEG band 
percentages were calculated both with and without 
the beta band activity. EEG activity did not differ 


between the two groups at baseline (A) and before 
placebo or barbiturate infusion (B). A significant 
increase in alpha and beta activity as well as a 
significant decrease in delta activity developed 
following administration of 2 mg/kg of thiopental 
(C) in Group 2. 





Group 1 (N=5) 


A B 





TABLE 1 
Group 2 (N=10) 


c A B c 











HR | 74.2+11.7/67.8+13.4 | 68.6+11.8||31.9+16.573.3+11.9|71.3+12.5 
MAP | 104.14 8.2]96.6412.6 |102.6+14.5|[39.5F12.7|96.5F11.3|82.8F 7.8 
TP=D+T+A 

ZD | 12.1+ 5.0 9.34 5.4 

ZT | 25.2% 8.3 21.8 5.8 

ZA | 62.6411.1 68.9% 9.6 

TP=D+T+A+B 

zD 5.4t 2.3|72.2+10.4 | 69.8+17.0|] 7.0+ 4.9|74.1+12.3|19.0+16.9 
ZT | 11.24 4.7[17.5+ 6.8 | 14.74 7.1||15.9F 5.3|15.5F 5.9|10.7F 3.2 
ZA | 32.6+15.9| 9.1+ 8.8 | 12.4413.6/|51.0413.8) 9.2% 8.3|39.8+12.3 
ZB | 50.8+19.7| 1.0% 0.78] 2.94 4.8||26.1¥17.5| 1.2¥ 1.6|30.5+13.8 


SEF 
90% 20.1+ 3.2| 5.8+ 2.5 | 5.9542.5]|15.44 3.4| 5.7+ 2.7[14.24 2.| 


TP = total power A = alpha 
D = delta B œ= beta 
T œ theta SEF = spectral edge frequency 


Discussion. Eighty-thre2 percent of the 
studied patients receiving morphine premedication 
and 12yg/kg fentanyl bolus achieved a stable delta 
wave dominant pattern associated with complete 
amnesia and probably unconsciousness. It is well 
known that small doses of thiopental produce elec- 
trocortical activation in awake resting subjects 
simultaneously with behavioral and cognitive 
depression. Barbiturate-induzed depression of the 


medullary-pontine inhibitory output into the reticu- 


lar activating system (RAS) presumably results in 
RAS activation and electrocortical desynchroniza— 
tion. Small doses of thiopental (i.e., 2 mg/kg) may 
likewise produce a similar pattern of electro- 
cortical activation following the development of 
narcotic-induced delta wave activity. 
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Introduction. Previous work has shown that RO 15-4513 and 
FG 7142, putative inverse agonists at the benzodiazepine reces-cr 
[1], reverse the behavioral and anticonvulsant effect: cf 
benzodiazepines, barbiturates, and alcohol [2,3,4]. FG 7142 bes 
been shown to produce the opposite effects of a benzodiazepin 
agonist by being anxiogenic and at higher doses epileptogenic 5. 
It has been postulated that benzodiazepines and barbiturv es 
produce their sedative and hypnctic effects by binding to adjacert 
teceptors in the same membrane protein ionophore comple>. 
Current theories regarding the mechanism of action of gerecel 
anesthetics such as halothane are based on a generalized membrm= 
disordering effect rather than a receptor-mediated proc2:s. 
Therefore, if these inverse agonists are acting at the benzodiazepine 
protein ionophore complex specifically then they would no b2 
2xpected to influence the activity of volatile anesthetic agents. Tae 
dresent study was undertaken to examine the effects of RO 15-4513 
ind FG 7142 on the anesthetic prcperties of pentobarbital compzred 
with halothane in the rat. 


Methods. 46 male Wistar rats (200-360 g) were studied. 3O 
15-4513 [Roche] and FG 7142 [RBI] were dissolved (3 mg/ml” or 
nication in a carrier solution of 95% saline, 2.5% alcohol aad 
1.5% emulphor. Both drugs were administered intraperitoneall yim 
| dose (3 mg/kg) previously shown to reverse the behavioral eff=cts 
of CNS depressants [1-4]. Halothane was administered in air usag 
in 0.8 L flow through a temperature- and flow-compenseted 
‘luotec™ vaporizer delivered to a snug-fitting nose cone. A. 
ow-flow vacuum connected to the nose cone insured continuous 
resh gas flow. The righting reflex was assessed by placing the 
imal on his back and measuring the time required to regain a fully 
ipright posture. A righting reflex was considered absent if oe 
nimal did not right themselves within 10 sec. 

In the first experiment [EXP.1], animals were randorny 
Ssigned to two groups. One group received an injection of the 
arrier solution (1 ml/kg, n= 10) and the other received 3C 
5-4513 (n=10). The animals were then immediately anesthetizec 
vith halothane using a vaporizer setting of 4% for 2 mints: 
olowed by 2.5% for 8 minutes. The nose cone was ther 
mmediately removed, the animals were placed on their back, anc 
ae righting reflex was measured. One week later, the same group 
f animals [EXP.2] were restudied. Animals that had receimec 
lacebo previously were pretreated with FG 7142 (n=10), whie 
nose that had received RO 15-4513 received carrier solutior 
n=10). Halothane was then administered beginning 5 mim te} 
ater using the same protocol as in EXP.1 and Tighting reflex was 
aeasured. In experiment 3 [EXP.3], animals were randomized Ic 
2ceive either RO 15-4513 (n=8) or carrier (1 ml/kg, n=8). Fe~e 
iinutes later, halothane was administered, this time in a dose >: 
% for 2 minutes and 2.5% for 13 minutes. Righting reflex was 
ten assessed. One week later [EXP.4], the same animals w2-e 
randomized to receive RO 15-4513 or carrier and then, fre 
uinutes later they were all given pentobarbital (20 mg/kg i.p., £0 
1g/ml premixed solution) and the time to loss of righting as wel as 
le time to return of righting was recorded. In a final experim2at 
2XP.5], a new group of animals were randomized to recete 
ither FG 7142 (n=5) or carrier (n=5) and then, 5 min later, giren 
entobarbital (20 mg/kg) and the loss of righting reflex vzs 
ssessed as before. 

Differences between groups in the presence or absense of Ics 
‘righting reflex were analyzed using Chi-squared contingency 
ble analysis while differences in the time to onset and to recovery 
‘righting between groups were analyzed with one-way ANOVA.. 
{i data were expressed as mean + S.E.M.and a P value less than 
5 was considered statistically significant. 


Results. There were no differences between groups in mean 
animal weight in any experiment. The rerandomization between 
EXP.3 and EXP.4 was successful (P=0.61 by contingency table 
analysis). As can be seen from the table, neither RO 15-4513 nor 
FG 7142 had a significant effect on the recovery of righting reflex 
after halothane anesthesia. In EXP.4, while 7 out of 8 animals 
receiving placebo lost their righting reflex after pentobarbital (20 
mg/kg), only 3 out of 8 of the RO 15-4513 (3 mg/kg) animals 
became anesthetized (P<0.05). In contrast, FG 7142 (3 mg/kg) 
had no influence on the response to pentobarbital. 


Discussion. The ability of RO 15-4513 to reverse an anesthetic 
state produced by pentobarbital is consistent with previous work 
and supports the hypothesis that this compound is a benzodiazepine 
inverse agonist. In contrast, it is interesting that FG 7142 did not 
have an effect on pentobarbital anesthesia. This suggests that 
although both RO 15-4513 and FG 7142 have been identified as 
benzodiazepine inverse agonists with similar potencies, RO 
15-4513 may have more of an (indirect or direct) effect on the 
barbiturate binding site associated with the receptor protein 
ionophore complex. Multiple doses must be studied to insure that 
this is not a dose-related difference in effect. The fact that neither 
drug antagonized the loss of righting produced by halothane is in 
harmony with a non-receptor mediated mechanism of action for the 
volatile anesthetics. The results of the present study suggest that 

RO 15-4513, or a similar compound, may be clinically useful in 

antagonizing barbiturate or benzodiazepine overdosage but can not 

be expected to have an effect on volatile anesthetic action. Further 
dose-response studies must be performed to characterize this 
interesting drug interaction. 
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TABLE 
Exper # Anesthetic Reversal 








#Loss of TimetoLoss Time to 
Righting of Righting Recovery 





(min) (min) 
EXP.1 Halothane RO 15-4513 10 2.03 + 0.28 
(10 min) Carrier 10 2.50 + 0.41 
EXP.2 Halothane FG 7142 10 4.10 + 0.92 
(15 min) Carrier 10 4.01 + 0.83 
EXP.3 Halothane RO 15-4513 8 2.66 + 0.47 ` 
(15 min) Carrier 8 2.89 + 0.41 
EXP.4 Pentobarb RO 15-4513 3 5.6403 410498 
(20 mg/kg) Carrier TE 5040.3 43.8 +38.6 
EXP.5 Pentobarb FG 7142 5 4.9+0.3 396486 
[20 mg/kg) Carrier 4 5.6+0.6 39.0 +4.2 





* P<0.05 by Chi-squared contingency table enalysis 
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Introduction. 1653 (difluoromethyl 1-fluoro 
2,2,2-trifluorosthyl ether) is a new inhalation 
anesthetic identical to isoflurane except for the 
substitution of a fluorine for the chlorine atom. 
Its blood/gas partition coefficient, 0.42 (1), is 
substantially lower than that of isoflurane, and 
lower than that of nitrous oxide (2), resulting in 
very rapid emergence from anesthesia. Toxicological 
studies have not revealed any toxic properties (3), 
and 1653 is stable'in sodalime (4). These advantages 
suggested further evaluation. Accordingly, we com- 
pared the cardiovascular actions of 1653 with those 
of equipotent concentrations of isoflurane and with 
the values in the resting conscious state in chroni- 
cally instrumented swine. ; 

Methods. The UCSF Committee on Animal Research 
approved this study. Determination of MAC: We 
anesthetized 5 young domestic swine (17.24+1.3Kg) 
with 1653 in oxygen, via a mask. Succinylcholine, 
eng/kg was administered into a cannula inserted into 
an ear vein. The trachea was intubated and the an- 
inal ventilated, 20ml/kg; frequency was adjusted to 
maintain normocarbia. No other drugs were admin- 
istered. MAC was determined by a modification of 
standard methods (5). The painful stimulus was a 
clamp applied to a dew claw instead of the tail. 
Throughout the determination of MAC each animal's 
temperature, measured by a thermister in the eso- 
phagus, was maintained at 38.54+0.2 C, with a circu- 
lating heated water pad. Chronic Instrumentation: 
After determination of MAC, lumbar aortic (retroper- 
itoneally) and thermodilution pulmonary arterial 
(percutaneously } cannulae were placed and tunnelled 
subcutaneously to the mid-dorsum of the back where 
they exited the skin into velero pouches. Lumena of 
the cannulae were filled with heparin and flushed 
every other day. Determination of Cardiovascular 
Ezfects: Before and after Surgery, animals were fam- 
iliarized with the laboratory, laboratory personnel 
and a swine sling (6). Three to seven days follow- 
ing surgery, with the animals in good health, each 
pig was placed in the sling. Cardiovascular meas- 
urements were performed after at least 10 minutes of 
stability; most animals appeared to be asleep; all 
were resting calmly. Following measurements in the 
conscious state, animals were anesthetized with ei- 
ther 1653 or isoflurane in oxygen, in random order. 
The alternate anesthetic was administered 4-7 days 
later. The trachea was intubated after administra- 
tion of succinylcholine, 2mg/kg iv. No other drugs 
were given. Animals were mechanically ventilated 
with a tidal volume of 20ml/kg and ventilatory fre- 
quency adjusted to maintain normocarbia throughout 
the experiment. Pulmonary arterial temperature was 
maintained within 0.5C of its initial value (cons-— 
cious state). Measurements were repeated in random 
order at approximately 1.0, 1.5, and 2.0 MAC. Data 
and computed values for the conscious state and each 
anesthetic level were compared using analysis of 
variance with repeated measures and Newman-Keuls 
method of multiple comparisons. 

Results. MAC for 1653 was 9.440.7%. 1653 and 
isoflurane caused similar dose-related decreases in 
mean aortic blood pressure (BPa), cardiac output 


(Qt), stroke volume, and oxygen consumption (V02) 
(fig 1); heart rate (HR) increased and systemic 
vascular resistance decreased but did not change 
with depth of anesthesia with either agent. Neither 
anesthetic altered blood lactate concentrations. No 
values for 1653 differed from those of isoflurane at 
equipotent concentrations. 
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Fig 1: Data are mean +/- S.E. 


Discussion. MAC for I653 is in keeping with 
the empiric relationship of anesthetic potency and 
solubility in olive oil (7). Although the solubili- 
ties of I653 and isoflurane in blood differ substan- 
tially, the cardiovascular properties do not. Given 
the similar chemical structures of the two anesthet- 
ics, it is not surprising that the cardiovascular 
actions of I653 and isoflurane are similar. Our 
data indicate that 1653 has safe cardiovascular ac- 
tions. 
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Introduction: 1653 (difluoromethyl 1-fluoro 2,2,2-trifluoroechyl 
ether) is a new inhalation anesthetic identical to isoflurane excep: 
for the substitution of a fluorine for the chlorine atom. Sire 
inhalation anesthetics can affect the arrhythmogenic actior v= 
epinephrine, we compared the effect of exogenous epinephrine >m 
cardiac rhythm in swine anesthetized with 1653, isoflurane. D7 
halothane. 


Methods: This study was approved the the University of Califora, 
San Francisco Committee on Animal Research. Anesthesia va: 
induced in four domestic swine (17.3 £ 1.5Kg) with either 
halothane, 1653, or isoflurane, in random order, via a mask. Or 
separate days (at least 3 days apart) each animal received the o#-r- 
anesthetics. The trachea was intubated after succinylcholine, 2acg” 
kg iv. No other drugs were administered. Ventilation was 
controlled: tidal volume was 20ml/kg; frequency was adjusted Ic 
maintain normocarbia. Epinephrine was infused intravenously ater 
at least 15 min of stable end-tidal anesthetic concentrations of LC 
and 1.5 MAC, in random order. Epinephrine was infused ir 
increasing doses, for 5 min at each consecutive rate: 0.2, 0.4, 08 
2.0, and 4.0mg/kg/min. Infusion was stopped when the anina:l 
exhibited three premature ventricular contractions (PVC) withir 
one minute. If no PVCs occurred with 4.0sg/kg/min, we did rct 
infuse a greater rate; for purposes of analysis we treated the data a! 
if the animal would have developed arrhythmias at the next higher 
rate (84g/kg/min), Epinephrine infusion rates at which 3 PVCs im 
one min occurred were compared at equipotent concentration: Dt 
the three anesthetics by analysis of variance and Newman-Kerls 
method of multiple comparisors. Statistical significance was 
accepted at P <0.05. 


Results: At both anesthetic concentrations (1.0 and 1.5 May, 
arrhythmias occurred with significantly lower infusion rates >f 
epinephrine with halothane than with either 1653 or isoflurme 
(Figure 1). There was no difference between the arrhythmogeric 
epinephrine infusion rate for 1653 and for isoflurane at either 1.8 >r 
1.5 MAC. The arrhythmogenic dose of epinephrine did not vary 
with anesthetic concentration for any agent. 


Discussion: Epinephrine more readily produced arrhythmias in the 


presence of halothane than isoflurane or 1653. This relationship for 
halothane and isoflurane is well-known and the apparent similarity 
of the data for isoflurane and 1653 suggests that the guidelines for 
the use of epinephrine in the presence of 1653 will be similar to those 
presently applied to isoflurane. However, we have not adequately 
tested the difference between isoflurane and 1653 because only one 
animal with 1653 and two with isoflurane developed PVCs at the 
highest epinephrine infusion rate. The apparent absence of an 
arrhythmogenic effect of 1653 suggests that 1653 may be useful for 
surgery during when epinephrine is used, or when sympath- 
omimetic drugs may be administered. 


Epinephrine ( 1g/kg/min ) 





Figure 1. Data are mean + S.E. 
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INTRODUCTION Pulmonary complications are the major 
cause of postoperative morbidity, with an incidence as high 
as 20-30% after upper abdominal surgery (UAS). Many 
studies have demonstrated significant decreases In static 
lung volumes (vital capacity, functional residual capacity) 
for aver a week following such surgery. Associated with 
this is a breathing pattern characterized by an elevated 
respiratory rate, smaller tidal volume and an absence of 
sighs. A marked reduction in the ratlo of abdominal to rib 
cage motion has been observed after UAS, reflecting 
severe diaphragmatic dysfunction (l). This study seeks to 
examine further the respiratory patterns after 
cholecystectomy and specifically addresses the follow ing: 

A. It is recommended that after UAS, patients be nursed 
with the head of the bed elevated. Studies in normal 
subjects note an abdominal predominance. in the supine 
position with an Increase in rib cage motion when 
sitting (2). What is the difference in the postoperative 
setting (where there is a rib cage predominance) 
between the supine and sitting positions? 

B. Chemostimulation with elevated inspired carbon 
dioxide concentration increases rib cage motion (3). 
After UAS, what happens when patients are so 
chemost imulated? 

METHODS Eleven otherwise healthy female patients 

mean age 44 + 17 (SD) years) undergoing elective 

cholecystectomy were studied on the afternoon prior to 
surgery and on the first and third postoperative days. 

Measurements of breathing patterns, oxygen consumption 

(V02), and carbon dioxide production (VCO2) were made 

with a canopy-spirometer-computer system (4) coupled to 

a respiratory inductance plethysmograph (Respitrace, 

Ambulatory Monitoring, Inc.) for measurements of rib cage 

and abdominal motion. The canopy spirometer was used to 

calibrate the plethysmograph. Each study period consisted 
of measurements in the semi-erect (SE) position (head of 
bed at 30°) breathing room air (RA) followed by those in 
the supine (SU) posture breathing room air and then supine 
breathing 4% CO2. Ten minute recordings were made at 
each condition only once the YO2 and VCO2 were stable. 

On the first and third postoperative days, measurements 

were made at least 3 hours after an intramuscular dose of 

morphine. This study was approved by the Institutional 

Review Board. 

RESULTS (mean + SD) : 

RC/VT Ve f ' V Tı 

PRE OP l/min (min!) (mh (sec) 

SE-RA 0.3740.12f 4.51£0.87 1824 271478 1.56+0.69 

SU-RA 0.3340. 19 4.32+0.80 1943 249446 1.36+0.24 

SU-CO90,3920.12' 6.3741.60 2024 338482 1.38+0.32 

DAY | - POST OP x x 

SE-RA 0.53+0.17 h7 11.08, 2043, 246446 1.18+0.13 

SU-RA 0.5420.23 48341.15, 2124, 241445  1.2440.2 

SU-CO>9 0.5840.20° 7.2942.20° 2244" 333485 1.1640.17 

DAY 3 - POST OP 4 

SE-RA 0.4420.11 4.7641.12, 1943 253457 1.2140.21 

SU-RA 0.40+0.19 4.86+1.12, 20:3 247+53 1.1820.18 

SU-CO5 0.4420.15' 7.3142.41 2124 348493 1.1920.19 


RC/VT - proportion of VT contribut lon by rib cage 
VE - minute ventilation f - frequency 
VT - tidal volume T, - inspiratory duration 


we Gee DAN POST OF DAY a 
V VC 

SE-RA 168230 146425 1802 f9*147s17"186:28" 15027" 

SU-RA 170222 140414 183423 151418 190231" 159419 

* different than pre op value (p€ 0.05) 

t different than supine value (p€ 0.05) 


DISCUSSION Cholecystectomy results in major changes 


in respiratory pattern. On the first postoperative day, 
there was an increase in minute ventilation especially in 
the SU position, due to a significant increase in frequency 
with little change in tidal valume. Also there was an 
increase in metabolic rate and a major shift to rib cage 
motion. By the third postoperative day RC/VT and 
respiratory rate started to return to pre-op levels. 
However, the VE and metabolic rate remain elevated. It 
thus appears that two mechanisms may be operative: The 
increased minute ventilation due to the Increased 
metabolic demand and the change in rib cagezabdominal 
motion and breathing rate associated with stimulation arid 
surgery of the upper abdomen. The latter abnormal It ies 
appear to resolve more rapidly than the increase in 
metabolic rate. 

UAS altered postural effects. Preoperatively, RC/VT 
decreased when the patient was supine but on the first 
postoperative day the RC/VT was unchanged. Also 
compar ing pre to postoperative values, VE increased in the 
SU but not SE position. The reason for this difference is 
unclear. Normally in the supine position the abdominal 
contents push the diaphragm into an ideal length tension 
relationship, facilitating a switch to efficlent 
diaphragmatic breathing. Postoperatively, diaphragmatic 
function was markedly reduced thus likely abolishing the 
differences between supine and sitting patterns. This 
decreased diaphragmatic activity also effects the response 
to chemostimulation. There is an increase in the rib cage 
contribution pre-op but not on the first post-op day. In 
fact, pre-op 60% is contributed by the abdomen while post- 
op 60% is contributed by the rib cage. It is possible that In 
the situation where there is already maximal use of the rib 
cage additional stimulation is unable to recruit these 
muscles further. Attempts at administer ing 6% CO, were 
thus not tolerated on the first post-op day. 

This study further demonstrates the inefficiency of supine 
postoperative respiration, thus reinforcing the practice of 
nursing such patients semi-erect. These observations also 
serve as a basis for future investigations of the effects of 
analgesia especially in view of the observations that rib 
cage motion is reduced by narcotics (5). 
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Introduction. A recent survey revealed that 
nal anesthesia with intravenous (iv) sedation was 
sociated with a higher ccmplication rate than 
ther general or regional anesthesia (FASA, 1986). 
ubinations of benzodiazepines and narcotic anal- 
sies are frequently used to provide anxiolysis, 
dation, amnesia and analgesia during local anes- 
esia. Unfortunately, these drug combinations can 
oduce significant respiratory depression. Use of 
tamine in combination with diazepam can produce 
dation and analgesia without depressing ventila- 
on (Rust et al., 1978). We designed a two-part 
udy to compare the clinical ef ficacy and recovery 
aracteristics of midazolam (a newer benzodiaze- 
ne) with diazepam when used in combination with 
tamine for iv sedation during local anesthesia. 
Methods. In an initial dose-ranging study, 120 
althy, consenting outpatients undergoing plastic 
rgery with local anesthesia were studied accord- 
ig to a double-blind protocol approved by the 
istitutional Review Board. These unpremedicated 
itients we treatment groups (n=20/group). The 
itients were sedated with diazepam (5 mg/ml) 0.1, 
2 or 0.3 mg/kg, iv or midazclam (2.5 mg/ml) 0.05, 
10 or 0.15 mg/kg, iv administered over 30-90 s. 
ibsequently, ketamine (0.5 mg/kg) was infused over 
2-3 minute period immediately prior to the sub- 
itanenous injection of local anesthetic solution. 
wing the operation, additional 0.5 mi doses of 
iazepam (2.5 mg) or midazolam (1.25 mg) were 
jected as needed to maintain adequate sedation. 
ital signs were monitored using a Dinamap? and a 
allcọrR pulse oximeter. The degree of sedation 
as rated on a six-point scale by a blinded obser- 
er: 1zawake/anxious, 2=awake/quiet, 
zsawake/drowsy, 4sasleep/easily arousable, 
zasleep/difficult to arouse, and 6=asleep/unarous— 
ble (with 1-2=inadequate; 3-4=adequate; and 5- 
zexcessive sedation). The patient assessed their 
nxiety, sedation, and pain on a four-point scale: 
snone, 2=slight, and 3=moderate, and 4=marked. In 
follow-up. study, an additional 60 unpremedicated 
utpatients were randomly assigned to receive 
quivolumic doses of either diazepam, 0.2 mg/kg, 
v, or midazolam, 0.1 mg/kg, iv, according to a 
imilar double-blind protocol. The preoperative 
valuation included sedation analog scales, amnesia 
est, Trieger psychomotor test, and mood assessment 
uestionnaire. These tests were repeated 
iostoperatively at hourly intervals until dis- 
harge. Analysis of variance was used to analyze 
ontinuous variables (mean values + S.E.M.), while 
leseriptive variables were analyzed using Chi- 
square tests, p < 0.05 was considered significant. 
Results. With respect to demographic data, 
‘there were no significant differences among the six 
sreatment groups. During the operation, no sig- 
\ifieant changes in blood pressure, heart rate, 
‘espiratory rate or oxygen saturation were noted. 
\ majority of the patients in the diazepam groups 
vere judged to be adequately sedated (55-80%) , 
mile the low-dose midazolam group were often 
indersedated (45%) and the high-dose group were 
frequently oversedated (75%). With respect to its 
sedative properties, midazolem was 2-4 times more 


potent than diazepam (fig. 1). Anxiety scores were 
significantly lower following midazolam compared 
with diazepam in all dosage groups. The amnestic 
effects of both benzodiazepines were dose-related, 
with 30-70% of the patients failing to recall being 
discharged from the recovery room. In the follow- 
up study, midazolam was found to be significantly 
more potent than diazepam (maintenance dosage: 
7.3+0.8 mg vs. 17.8+1.8 mg). Although the midazo- 
lam group nad higher maintenance sedation scores, 
postoperative side effects and discharge times were 
similar for the two groups. Compared to the diaze- 
pam group, the midazolam group reported signifi- 
cantly less anxiety (1.24+0.1 vs. 1.6+0.1) and 
expressed greater satisfaction with their operative 
experience (81% vs. 49%). No unpleasant dreams 
were reported in either group. The ineidence of 
pain on injection and postoperative venoirritation 
was significantly higher in the diazepam group (37% 
vs. 3%). 

— Discussion. A combination of either diazepam 
(0.2 mg/kg iv) or midazolam (0.1 mg/kg iv) with 
low-dose ketamine produced optimal sedation and 
analgesia without cardiovascular or respiratory 
depression. Midazolam would appear to offer an 
advantage over diazepam because its use was 
associated with less pain on injection and veno- 
irritation, more profound intraoperative anxioly- 
sis, sedation, and amnesia, and higher overall 
patient acceptance. However, the narrower 
therapeutic dosage range for midazolam (fig. 1) 
emphasizes the importance of careful titration to 
avoid excessive sedation. Finally, residual amnesia 
may be a problem when large doses of midazolam are 
administered to outpatients. Further studies using 
more sensitive recovery tests are needed to deter- 
mine "street fitness" ‘or home readiness) following 
use of these drugs in the outpatient setting. 


6 
MIDAZOLAM 
5 
Sedation 
Score 
4 
DIAZEPAM 
3 
2 


0.1 0.2 0.3 
Benzodiazepine Dose 
(mg/kg) 


Figure 1: Dose-response curves for midazolam and 
diazepam following the initial dose (mean + SEM). 
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Introduction: If intracranial hypertension 
occurs in combination with hemorrhagic shock, the 
choice of resuscitation fluids ma strongly 
influence the extent of neurologic injury. In 
dogs, the infusion of hypertonic saline (HSS) or 
hydroxyethylstarch prođuces lower 
intracranial pressure (ICP) than resuscitation with 
isotonic crystalloid solutions (1,2). Although HSS 
reduces ICP to a greater extent than HES, the 
hemodynamic improvement following HES is more 
sustained than that following HSS. Recent studies 
of hemorrhagic shock have combined hypertonic and 
hyperoncotic fluid to achieve more sustained 
systemic hemodynamic improvement while preserving 
the advantages of a lower infusion volume (3). The 
cerebrovascular effects of such a combination have 
not been reported. In anesthetized dogs with a 
subdural mass lesion, we induced hemorrhagic shock 
and compared the effects of resuscitation with a 
hypertonic, a hyperoncotic, an isotonic, or a 
combined h ertonic-hyperoncotic fluid on ICP anå 
cerebral blood flow (CBF). 

Methods: 24 mongrel dogs (18-24 kg) were 
anesthetized with thiopental 20 mg/kg, paralyzed 
with vecuronium 0.2 mg/kg, and endotracheally 
intubated. We maintained anesthesia with nitrous 
oxide 60% and halothane 0.52% in oxygen and 
ventilated to maintain normocarbia. A pulmonar 
artery, a cisterna magna, and two femoral arteria 
catheters were placed. CBF was measured using a 
sagittal sinus cannula. Through a left craniotomy, 
a subdural balloon was placed. While ICP was 
maintained at 20 mmHg by balloon inflation, the 
animal was rapidl emorrhaged to reduce mean 
arterial pressure tmar) to 50 mmHg where it was 
maintained for 30 min. Resuscitation was then 
parr ormes by rapid infusion (five min) of one of 

our randomly selected resuscitation fluids: 1. 
NaCl 0.8% - ml/kg ( group), 2. HES 20% in 
Nagl 0.8% - 6.0 ml ja HES), 3. NaCl 7.2% - 6.0 
ml/kg (HSS), 4. HES 20% in NaCl 7.2% - 6.0 ml/kg 
(HES/HSS) . As fluid infusion began, ICP was 
Soe to vary without further manipulation. 
ata were collected at baseline, after balloon 
inflation, at the beginnining of the shock interval 
(T=0), at the end of the shock interval (T=30), 
tmmnediately following the five-min fluid infusion 
(T=35), and at thirty minute intervals thereafter. 
We compared ICP and CBF using ANOVA of repeated 
measures (p<0.05 considered significant) and 
collected descriptive data for » cardiac output, 
arterial blood gases, heart rate, and hemoglobin. 

Results: During the shock interval, ICP was 
experimentally maintained at 20 mmHg. Following 
fluid infusion, ICP increased in all groups 
(Fig.1). The most significant increase occurred in 
the Nacl group (p<0.001 in comparison to all other 
groups). F decreased in all groups during shock 
plus intracranial hypertension Fig.2), then 
recovered artially at T=35, only to decline 
steadily afterwards. The descriptive variables 
demonstrated several trends, the most important 
being MAP, which was better from T=65 through T=125 
in the HES and HES/HSS groups. 

Discussion: Following this severe insult, 
similar fo a clinical head injury combined with 
hemorrhagic shock, a combination 
hypertonic/hyperoncotic resuscitation fluid 

/HSS) or a hyperoncotic fluid (HES) produced a 
more sustaine improvement in systemic 
hemodynamics than NaCl (136 mEq/L) or HSS. NaCL 
produced a rapid increase in ICP, while HSS 


produced only a transient improvement in _ systemic 
emodynamics. If these data are extrapolated to 
human trauma victims in whom head injury is combined 
with hemorrhagic shock, a h; ecouconialh ertonic or 
a hyperoncotic solution may be preferable for acute 
resuscitation. 
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Introduction: Midazolam has been recommended as a 
preanesthetic medication in children, and it's administration 
via rectal (1) and intramuscular (2) route have been 
described. Administration via the nasal route has potential 
advantages over other routes, as rapid absorbtion with 
avoidance of "first pass metabolism" is possible and painful 
injections are avoided. 

The objects of this study were to evaluate the efficacy of 
two doses of midazolam as a pre-operative sedative in pre- 
school children, and to specifically determine it's effect on 
separation from parents and on the response of the child to 
induction of anesthesia. 


Methods: Following human use comittee approval and 
informed parental consent, 37 pediatric patients aged 
between 18 months and 5 years, presenting for anesthesia 
and surgery were randomly allocated to one of three groups 
in a double blind manner. Group A (n=13) recieved normal 
saline (volume = 0.2ml/5kg), group B (n=12) recieved 
midazolam 0.2mg/kg (volume = 0.2ml/5kg) and group C 
(n=12) recieved midazolam 0.3mg/kg (volume = 
0.3ml/5kg). All drugs were given intranasally to the child 
in the presence of the parents. 

The level of sedation was measured using a numerical 
scoring system as follows: (1) Agitated - clinging to parent 
and/or crying, (2) Alert - awake but not clinging to parent: 
may wimper but not cry, (3) Calm - sitting or lying with 
eyes open, (4) Drowsy - eyes closed but responds to minor 
stimulation, (5) Asleep - dozs not respond to minor 
stimulation. Oxygen saturation was measured continuosly 
during the study period using a Nellcor pulse oximeter, 
and heart rate and respiratory rate measured at intervals 
along with the sedation score. Following control 
measurments the drug was administered and measurements 
made every 2.5 minutes for 10 minutes. At 10 minutes 
following drug administration the child was separated from 
his/her parents and the response noted. At 15 minutes 
inhalational anesthesia was induced via appropriate mask 
and circuit. The response to induction was graded by 
modifying the sedation score as follows: (1) Agitated - 
refuses mask and or cries, (2) Alert - may refuse mask 
initally, but accepts with persuasion: may wimper, (3) 
Calm - accepts mask, (4) Drowsy - accepts mask, (5) 
Sleeping. 


Results: The mean age and weight of the children was 
similar in all groups. The level of sedation at 0, 7.5, 10, 
and 15 mins after drug administration is shown in table 1. 
Although the sedation score is arbitrarily catagorical, each 
level represents an approximately equal degree of change, 
therefore statisical analysis for continuous data was used. 
Two factorial repeated measures analysis of variance 
showed a significant interaction between the drug and 
repeated measures over time (p<0.03), therefore each factor 
was analyzed separately. The drug effect at each time 
period was analyzed by analysis of variance (ANOVA), and 
for each drug group the time effect was analyzed by one- 
population repeated measures analysis of variance. 


At 7.5 mins patients in group B were more sedated than 
the other two groups, at separation (10 minutes) both drug 
groups (B&C) were more sedated than control group, and 
at induction (15 minutes) both drug groups (B&C) 
tolerated induction better than the control group (p<0.05). 
There was no difference between groups B and C. 

In the control group (A) some increasing sedation was 
seen with repeated measures at the time of separation for the 
parents (p<0.05). With both drug groups (B and C), 
increasing sedation was seen at 7.5, 10, and 15 minutes 
(p<0.01). 

Heart rate, respiratory rate and oxygen saturation did 
not differ between groups and did not change significantly 
during the study period. 


Discussion: The efficacy and safety of intra nasal 
midazolam as a rapidly acting pre-operative sedative in pre- 
school children has been demonstrated. The importance of 
a control group was seen as group A showed increasing 
sedation with time until separation from parents, 
presumably because the child became used to the observer. 
This effect was not apparent at induction. In both groups 
receiving midazolam (B&C) the degree of sedation was 
more marked than group A when the children were 
separated from their parents and this level of sedation was 
maintained at induction. 

Although not measured on the sedation score, it was 
noted that many of the patients receiving midazolam at 
either dose became mildly euphoric as their sedation score 
reached levels 3 and 4. 

No dose response effect was seen, but it is not known 
whether this represents a "ceiling" therapeutic effect at the 
lower dose or whether maximal rapid intra nasal absorbtion 
occurred with the lower dose, and the extra volume used 
with the higher dose was then lost from the nose and 
swallowed. 
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Table 1: Sedation level of patients during study period 


0 min 7.5 min 10 min 15 min 


SED. CONTROL SEPARATION | INDUCTION 
SCORE 
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Introduction. Mivacurium (BW B1090U), a short- 
acting nondepolarizing neuromuscular blocker, is 
rapidly metabclized by human plasma cholinesterase. 
Therefore, it may be a clinically useful drug in 
situations where succinylcholine is undesirable. We 
determined the mivacurium dose-response relationship, 
onset time, and recovery indices in children during 
halothane-nitrous oxide anesthesia. 

Methods. Thirty-five children (ASA status I- 
II) between 2 and 12 years old, having low-risk 
elective surgical procedures were studied. The study 
was approved by the Human Rights Committee of the 
Children's Hospital of Pittsburgh; informed consent 
was obtained from a parent. No patient received 
aminoglycoside antibiotics or antihistamines within 
48 hours of the study. Premedication was not given. 
Anesthesia was induced with nitrous oxide (70%), 
oxygen (30%) and halothane (up to 4% inspired). 
After induction, an intravenous catheter was placed 
and atropine (10 ug/kg) was given. After 
endotracheal intubation, the end-tidal halothane 
concentration was adjusted to 0.8 + 0.05%; fentanyl 
(1-3 ug/kg) was given as needed. 

The ulnar nerve was stimulated supramaximally 
with repeated trains-of-four stimuli (2 Hz for 2 sec 
at 10-sec intervals) at the wrist with surface 
electrodes. The evoked compound electromyogram of 
thunb adduction was recorded using a Puritan Bennett/ 
Datex monitor. The degree of neuromuscular blockade 
was described as percent of control, that is the 
height of the first train-of-four response was 
compared with the control EMG height. Blood was 
obtained for measurement of pseudocholinesterase 
activity and dibucaine number. 

An initial dose of 20 pg/kg of mivacurium was 
given to three patients. This dose was selected as 
an estimate of ED25 based on previous data in adults 
and the expected degree of potentiation by 
halothane. The results were used to select further 
doses to estimate the dose response relationship. 
Subsequent patients received 40, 60 or 70 ug/kg of 
mivacurium. Hach bolus of mivacurium was 
administered over less than five seconds through a 
T-connector into a rapidly running intravenous 
infusion. One patient was omitted from analysis 
because of abnormally high pseudocholinesterase 
activity. Each of 26 patients contributed one date 
point to the dose-response relationship. Dose- 
response curves were determined by log-probit 
transformation of the data and calculation of least 
squares regression lines. 

Another eight patients were anesthetized in a 
similar manner and received the ED95 dose of 
mivacurium. Two patients with abnormally high 
pseudocholinesterase activity were omitted from 
analysis. The onset time, maximum degree of 
neuromuscular blockade, and time for neuromuscular 
transmission to return to 25% (T25) and 75% (175) of 
control after the bolus were noted. Blood pressure 
and heart rate were recorded at l-min intervals for 
5 minutes after the bolus. The recovery index (T25- 
T75) was calculated for all appropriate patients. 


Standard deviations are shcwn for all mean values. 
Repeated measures analysis of variance was used to 
analyze cardiovascular data. Statistical 
differences were considered significant at P < 0.05. 

Results. The ED25, 50, 75, and 95 during 
nitrous oxide-halothane (0.8% ET) anesthesia were 
42, 57, 79, and 124 ug/kg, respectively (R = 0.69). 
The onset time to maximum tlock, duration of block, 
and recovery data following a single bolus of 120 
ug/kg mivacurium are preserted in Table 1. Four 
patients developed complete neuromuscular blockade 
after 120 ug/kg mivacurium: neuromuscular 
transmission recovered to 25% between 5.3 and 17-7 
minutes after the initial tolus. No significant 
changes in heart rate or blood pressure occurred 
after rapid bolus administration of mivacurium. No 
skin flushing was observed. 

Discussion. The dose-response relationship for 
mivacurium in these children is different from that 
previously reported by us in adults during 
isoflurane anesthesia (1), and suggests that 
children may be relatively resistant to mivacurium 
induced blockade. The current studies of mivacurium 
are incomplete in that the anesthetic backgrounds of 
the pediatric and adult dose-response studies are 
not strictly comparable, although previous studies 
of d-tubocurarine suggest that 0.5% isoflurane 
potentiates neuromuscular blockade to a similar 
degree to that of 0.8% halothane (2). Completion of 
dose-response studies under balanced anesthesia will 
clarify the age-related differences in response to 
mivacuriun. 

No signs of histamine release were observed in 
these children. Studies at higher dosages will 
further define the rapidity of onset, duration of 
clinically useful blockade and potential for side 
effects of mivacurium in pediatric patients. 
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Table 1. Neuromuscular Data: Mivacurium 120 g/kg 


in Children 
Max Block Onset T25-T75 
% to maz block 
min min 
N= 5 5 6 
X+SD 99+0.4 2.1 40.5 4.2 + 1.9 
Range 99 ~ 100 1.7 - 3.0 3.0 - 8.1 
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INTRODUCTION. Thoracic bisimpedance and continuous 
wave Doppler ultrasonography are two non-invasive 
methods of measuring cardiac output (CO) that have 
been shown to correlate with cardiac output by ther- 
modilution (COtd) (1,2). 


Bioimpedance calculates stroke volume (SV) accordirg 
to: 


SV = L3 * VETbi * dZ/dt max 
4.25 Zo 


where L = 0.17 * patient height (cm) 
VETbi = ventricular ejection time (sec) 
dZ/dtmax = maximum rate of impedance change 
(ohm/sec) 
Zo = baseline impedance (ohm) 
Doppler ultrasonography calculates SV according to: 
SV = CSA * aos v 
where CSA = cross sectional area of the aorta (cm2) 
VETdopp = ventricular ejection time (sec) 
V = aortic systolic blood velocity integral 
(cm/sec) 


Although the radial artery is very distal to 
the aorta, the time from the onset of the systolic 
pressure up-stroke to the dicrotic notch (VET) has 
been reported to be the sane in the carotid and rac 
ial arteries (3). Heart rate (HR) and VET are mea- 
sured displayed and used by both non-invasive methcds 
to calculate CO. Can VET estimated by radial arter- 
ial pressure tracing analysis (VETa) and HR by EKG 
(HRekg) be used to verify the accuracy of CO by 
doppler ultrasound (COdopp) or CO by thoracic bio- 
impedance (CObi)? The purpose of this study was tc 
determine whether the correlation of VETa to VETbi 
or VETdopp affected the correlations of CObi and 
COdopp to COtd. 

METHODS. This study was approved by the instituticn- 
al review board. Critically ill patients requiring 
pulmonary artery catheters were eligible for study 
entry. COdopp was measured by a Lawrence 3000 
(Paramus,NJ) with a suprasternal probe. Midway 
through the study, the doppler software was revisec 
so that COdopp was calculated after 6 beats (COdopr- 
new) instead of 12 beats (COdoppold). CObi was me- 
sured by a Bomed NCCOM 3 (Irvine, CA) monitor. COtd 
was measured with Edwards Swan-Ganz (Irvine, CA) 
catheters by injecting 10cc of D5W at room temper- 
ature. All devices were calibrated and used accorc- 
ing to manufacturer's recommendations. Simu}!taneovs 
measurements of CObi, COdopp, COtd, VETbi, VETdopp, 
and VETa were obtained by two data collectors. VETa 
was measured from a radial artery pressure trace. The 
NCCOM electrodes were applied first, then the supre- 
sternal doppler probe was applied. When the doppler 
signal strength was optimized, one data collector 
injected the fluid for thermodilution measurement 

and recorded CObi and VETbi while the second data 
collector simultaneously recorded COdopp and VETdorp- 
COtd was recorded after calculation and display. 

HR by EKG (HRekg), bioimpedance (HRbi), and doppler 
(HRdopp) were recorded. COdopp and CObi were com- 
pared with COtd by correlation coefficient, 
regression analysis, bias and precision measurement. 


RESULTS. Twenty-seven patients were studied. The 


statistical results are summarized in Table |. Nei- 
ther method worked in one patient with atrial fibril- 
lation and in another patient for unknown reasons. 
CObi but not COdopp was measurable in a patient with 
large chest excursions receiving positive pressure 
ventilation. COdopp but not CObi was measureable in 
a patient with pectus excavatum. HRbi and HRdopp 
were usually within 3 beats of HRekg. When they were 
not CObi and COdopp were inaccurate and were often 
not measurable. Selecting those CObi and COdopp 
where VETbi or VETdopp were within 40 msec of VETa 
improved the correlation coefficient of CObi, COdopp- 
old, and COdoppnew with COtd. CObi correlated better 
with COtd than COdoppold. The correlation of CObi 
and COdoppnew to COtd was similar. The best correla- 
tion with COtd was with COdoppnew when VETdopp was 
within 40 msec of VETa. COdoppnew vs COtd also had 
the regression coefficients that most paralleled 

the line of identity. 

DISCUSSION. CObi is measured continuously and once 
the electrodes are properly placed further CObi mea- 
surements do not depend on observer skill. COdopp 
requires technical skill for proper placement each 
time COdopp is measured. COdopp can be measured cont- 
inuously with an esophageal probe but it currently is 
impractical in awake ICU patients. COdoppnew corre- 
lates better with COtd than COdoppold. Both devices 
would benefit from a real time display of doppler 
signal strength or kioimpedance and the ability to 
display trends in COdopp or COdi. HRekg and VETa 

may aid the interpretation of CObi and COdopp. 
REFERENCES. 
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Table |: COtd vs COdopp and CObi 
Group | V1 III IV V vI 
115 49 53 17 183 89 
-55 -66 -73 -82 -75 -76 


n 
r 
x .56 .38 .88 1.12 5I .53 
b 2.66 3.33 .31 -1.92 3.0 2.7 


bias elt 1.0 -59 -94 -23 73 
precision 1.89 1.96 1.88 1.99 1.40 1.71 
group | = COtd vs CCdoppold (12 beat software) 
group II = COtd vs COdoppold [VETa-VETdopp] < 40msec 
group IIl = COtd vs COdoppnew (6 beat software) 


group IV = COtd vs COdoppnew, [VETa-VETdopp]< 40msec 
group V = COtd vs CObi, all data 
group VI = COtd vs CObi, [VETa-VETbi] < 40msec 


n = number of data sets, r = correlation coefficient, 
x = regression coefficient, b = y intercept, COtd 
assumed to be the independent variable x in all 
groups. 
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Introduction. Hyperemia and subsequent 
hemorrhage in relatively normal brain is a major 
source of post-operative morbidity and mortality 
follcwing: resection of arteriovenous malformations 
(AVM) . After resection, flow from the AVM 
vascular bed is routed into tissue that is unable 
to effectively autoregulate and hyperemia or 
intraparenchymal hemorrhage may occur. We report 
our initial experience using intraoperative 
regional cerebral blood flow (rCBF) monitoring 
during 6 AVM resections, after which 2 patients 
developed complications felt to be related to 
perfusion pressure breakthrough (1). 

Methods. After institutional approval, 
informed consent was obtained from 6 patients 
scheduled to undergo elective AVM resection. 
Anesthesia was induced with thiopental (4 mg/kg) 
and tracheal intubation facilitated with a non- 
depolarizing muscle relaxant. Patients received 
isoflurane (180) during induction and were 
maintained on 0.75 - 1.25% ISO in 6:4 nitrous 
oxide/oxygen. Monitoring included ETCO>, radial 
arterial catheter, and rCBF device (¥gyo loaR) , 
Determination of rCBF was by the iv Xe method 
using the Initial Slope Index. Data were 
collected from a detector positioned within 5-6 am 
fron the border of the AVM site within the main 
distribution of the primary arterial feeding 
supply. After exposure of the dura, an initial 
rCBF measurement (PRE) was done. To assess CO» 
reactivity (COR), the pCO, was then elevated 8-10 
mmHg and another rCBF measurement was performed 
(PRE COR). ‘The pCO, was then adjusted back to 
baseline levels for “surgical dissection. After 
resection of the AVM was completed, rCBF was again 
measured (POST). To assess COR after AVM 
resection, in 2 patients a POST COR measurement 
was done. Four patients (Group 1, NORMO) had 
post-operative courses without development of 
hyperperfusion syndromes and 2 patients (Group 2, 
HYPER) developed complications attributable to 
hyperperfusion. 

Results. There were 2 males and 4 females, 
34-52 yrs old, who underwent surgery for moderate 


to large cortical AVMs. PRE rCBF and other’ 


physiological data (n=6, mean + SE) were similar 
for all patients: rCBF 24 + 2 ml/lO0g/min, Mean 
Blood Pressure 70 + 3 mmHg, and pCO, 27 + 2 
mmHg. All cases were uneventful intraoperatively 
and no patient emerged fran anesthesia with major 
neurological deficits. There were two adverse 
outcomes attributable to hyperperfusion. Patient 
#1, who underwent a right temporal-occipital AVM 
resection, developed confusion and lethargy over 
the course of several days postoperatively and had 
significant brain swelling and midline shift in 
the ipsilateral frontal region on CT scan, 
corresponding to the area under the intraoperative 
rCBF detector. He fully recovered by 8 days 
postoperatively. Patient #4 underwent removal of 
a large temporal AVM. She did well until 6 h 
post-operatively when she experienced an 
intracerebral hemorrhage (ICH) and was immediately 
re-explored and an artery near the AVM resection 
site was felt to be the source of bleeding. 


However, 6 hours later she experienced a second 
ICH and was again re-explored.. At the second 
Operation, an artery well-removed from the 
operative site was found to be ruptured. The 
Patient never regained brain stem function and 
expired. Neither patient experiencing compli- 
cations had post-operative hypertension, The 
rCBF changes from PRE to POST for the 2 HYPER 
patients are compared to the mean of the NORMO 
(n=4) group in the Figure. In the NORMO group, 
rCBF significantly (p <0.02, Student's t-test) 
changed from 24 + 2 to 35 + 3 ml/l00g/min from 
PRE to POST. Both patients in the HYPER group 
had large (>100%) elevations in rCBF after AVM 
resection. PRE COR was similar in both NORMO and 
HYPER patients and was 4.5 =- 0.5%/mmHg. POST COR 
was available for patient #1 (8.5%/mnlg) and one 
patient from the NORMO group (4.5%/mmHg) . 
Discussion. | Although it appears that 
obliteration of the shunt flow through the AVM 
raises rCBF even in patients not experiencing 
post-operative camplicaticns attributable to 
hyperperfusion, patients that have very large 
(>100%) increases in rCBF after AVM resection may 
be at an increased risk for post-operative 
complications. PRE COR was preserved in both 
patients that went on to suffer hyperperfusion 
complications. Furthermore, in at least one of 
the HYPER patients, POST COR was preserved or 
enhanced. The presence of maintained COR calls 
into question some aspects of the previously 
proposed mechanism of normal perfusion pressure 
breakthrough (1). In conclusion: 1) Intra- 
Operative rCBF measurements may be of use in 
identifying patients at risx for developing post- 
operative hyperperfusion and subsequent 
complications; 2) Since both complications 
occurred even in the absence of hypertension, it 
may be of critical importance to very strictly 
control emergence and post-operative blood 
pressure after removal of an AVM to prevent 
hyperperfusion comolications. 
Reference. 
l. Spetzler RF, Wilson CB, Weinstein P et al: 
Normal perfusion pressure breakthrough 
theory. Clin Neurosurg 1978; 25:651. 


= 70 Case #4 
= 60 
S 
S 50 Case # | 
= 
£ 40 n t 
ic Normo Group 
© 30 (n=4) 

20° m 

Pre Post 
CONDITION 


$264 ANESTH ANALG ABSTRACTS 
1988;67:51-S266 
Title: DOES TRANSCUTANEOUS ELECTRICAL NERYE STI LLATION PROVIDE PAIN RELIEF AFTER LUMBAR LAMINECTOMY? 


Authors: K Zahi, MD, C Bray, RNI, L Taylor, LPT2, RJ Begshaw, MD, ML Young, MD, RA Davis, MD3, and DS Smith, MD, PhD 
Affiliation: Division of Neurcanesthesia,Department of Anesthesia and Division of Neurosurgery>, University of Pennsylvania 
School of Medicine. Divisions of Nursing! and Physical Therapy2, Hospital of the University of Pennsylvania, Phila., PA. 


Introduction: Several investigators have reported that 
transcutaneous electric nerve stimulation (TENS) in the postoperative. 
period decreases pain (1), reduces the need for narcotics and improves 
ventilatory function (2). However in most of these studies the 
anesthetic given was not standardized and/or there was no “blindet” 
control group. Here we report the results of a double blind, prospective 
study to evaluate TENS for pain management after lumbar laminectorry 
with a standardized anesthetic and a sham treatment group. 

Methods: After Institutional Review Board approval thirty 
consenting patients undergoing primary surgery for a herniated nucleas 
pulposis of the lumbar spine were studied. Patients with prior TEMS 
experience were excluded. Subjects were told that they might be in a 
sham group, that they might feel stimulation or nothing, but that tre 
absence of sensation would not mean that the unit was not working- 
Patients were assured that they would have the same narcotics 
available regardless of the treatment group. All patients recieved M 
morphine/scopalamine for premedication and general endotracheal 
anesthesia with N20/02/meperidine/diazepam/pentothal/relaxant 
Subjects were randomly assigned to a SHAM or treatment (TENS: 
group. After skin closure sterile electrodes were placed 2.5 cm. -0 
either side of the incision and covered by the dressing. For the SHA“ 
group a wire was cut and the ends concealed within the electrode. A 
Codman EPC@/Dual stimulator was used with a frequency of 80 Hz, 
pulse width of 170 usec and an output that was subthreshold (usual y 
between 20-30 ma). SHAM patients had comparable settings. The 
units were activated in the recovery room by a nurse just prior `o 
patient discharge and ran continuously for 48 hrs. Batteries were 
changed at 24 hrs when the unit was also inspected. The nursing ard 
surgical staff did not know the assigned treatment. Subjects were Seen 
at 24 and 48 hrs by an anesthesiologist who was blinded to tte 
treatment and he asked them to rate their pain on a 5 point (Melzac=) 
scale (O= no pain, 1=mild, 2=discomforting, 3=distressing, 4=horribe, 
S=excruciating). They were also asked a series of yes-no questions: 
about incisional pain, whether the TENS unit and/or narcotics helped 
pain, or whether the unit caused discomfort. Forced vital capacity 
(FVC) and forced expiratory volume (FEV1) were obtained at tte 
bedside preoperatively, and at 24 and 48 hrs. Total patient narcot-c 
usage “was recorded as premedication + intraoperative + recovery 
room = ANES; 1st day = PO1; 2nd day = PO2. No attempt was made i-o 
change current postoperative analgesic practices and narcotics were 
diven on demand as customary to the neurosurgical ward. 

The hypotheses to be tested were that TENS: 1 - decreases the 
intensity of pain; 2 - decreases the dose of postoperative narcotics; 
and 3 -improves pulmonary function. Patient characteristics (ag>, 
weight, surgical time) and narcotic use were compared using a 
Student's t-test; yes-no questions were analyzed using the Cai 
squared test. The dose of narcotic used was calculated by multiplyirg 
the dose of a particular drug by its patency relative to meperidine. ll 
narcotics were converted to IM Meperidine (Md) equivalents v a 
the ratios IM Md: IV Md: po Md :IM Morphine:po oxycodone= 
75:75:225:10:30 mg and the totals 2xpressed in mg/kg (3). 

Results. One patient in the TENS group and two in the SHAM group 
would not participate in the postoperative respiratory function tests cr 
pain scale evaluations. Narcotic data is available for all patients. 
Patients in both groups had a similar age (52 + 4 vs. 45 + 5 yrs, 
weight (82 + 4vs 83 + 4kg) and length of surgery (2.1 + 13 vs 13 
+ .17 hrs). There was no difference in narcotic usage for the anesthet.c 
(ANES) or for the postoperative periods in either group (Table 1). FV2 
and FEV were significantly decreased from preoperative values in both 
groups; but there was no difference between the groups by Student's = 
test (Fig.1). 


6 of 14 responding TENS patients and 6 of 13 responding SHAM 
patients felt that TENS provided some pain relief during PO1 (7/14- 
TENS and 7/13-SHAM during P02). 11/14 TENS and 12/12 SHAM 
patients felt that narcotics provided pain relief. During PO1 11/14 
TENS patients rated pain es 0-2 (none, mild, discomforting) and only 
3/14 as 3 (distressing), while 11/13 SHAM patients rated pain as 0-2 
and 2/13 rated their pain as 4 (horrible). Statistical analysis showed 
no difference in all of the above by CHI squared tests. 

Due to the lack of difference between groups we were concerned 
that our sample might not represent the population of patients 
undergoing lumbar spine surgery in our hospital; or that a possible bias 
occured from the study. Hence a historic contro! sample was obtained 
on age and sex matched patients having lumbar disc surgery the year 
prior to our study. Length of surgery (1.8 + .19 h) and weight was 
similar (82 + 6 kg) as was narcotic use (ANES= 2.33 + 0.22 mg/kg; 
PO1=3.44 + 0.83 mg/kg and PO2=2.25 + 1.06mg/kg). 

Discussion. In contrast to other studies, our data showed no 
effect from TENS in the postoperative period. The dose of narcotic was 
equal in both groups, as wes postoperative pulmonary function and the 
qualitative estimation of pain. We used a standardized anesthetic (as 
evidenced by similar narcotic doses) and a double blind design with a 
sham group which could account for our differences compared to other 
studies. The similarity of our historic control group does not support 
any pertubation in patient zare due to the study. Our study does not 
support the use of TENS for pain control after lumbar laminectomy. 


References: 
fa Schuster GD and Infante MC. PAIN 1980; 6:299-302. 
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3. Facts and Comparisons, B. Olin, Pharm D ed. p.242, 
JB Lippincott Co, November 1984. 


TABLE |: NARCOTIC USAGE 


TIME: TENS SHAM 
ANES 2.69 + 0.22 2.74 +0.16 
PO 1 2.47 + 0.44 2.92 + 0.64 
PO 2 2.06 + 0.46 2.06 + 0.31 


All numbers in mg/kg of IM meperidne equivalents (see text). 


Fig. 1: POSTOPERATIVE PULMONARY FUNCTION 
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Introduction The most popular general anesthetic 
technique is a combination of volatile anesthetic 
agents and narcotics. Proponents of pure inhalaticn 
anesthesia argue that intraoperative administraticn 
of a narcotic does not decrease postoperative 
analgesic requirements and prolongs recovery roam stey 
(RRS). Aone year prospective study of inpatients who 
received a volatile anesthetic and did not require 
admission to an IUJ was conducted to evaluate the 
beneficial and detrimental effects of pre- and 
intraoperative narcotic administration. 

Methods. Of the 2706 patients, 1323 male and 1383 
female, 392 were children ( 12 years). Surgicel 
procedures were categorized as: intraoral (IR, 
intracranial (IC), thoracic (IT), spine (SP, 
intraperitoneal (IP), abdominal, extraperitoneal 
(EP), laparoscopy (LP) and superficial (SF) (Table 1°. 
Pre- and intraoperative administration of morphine 
(M), meperidine (D), and fentanyl (F) was documented 
(Table 2). Patients in Groups I, III and V received 
enflurane (E), isoflurane (I), or halothane (H) and 
no narcotice (O). Groups II, IV and VI received a 
narcotic (N) intraoperatively in addition to the 
volatile agent. Groups VII and VIII did not receive 
a volatile anesthetic agent: data fran these 119 
patients (4.7%), a heterogenous group receiving a 
variety of agents, were anitted fran analysis (Table 
3). All patients also received nitrous oxide. 
Patients were evaluated upon arrival in the Recovery 
Roon (RR) and at 15 min. intervals using the Aldrete 
Seale (AS).! The interval between termination of 
anesthesia and the first analgesic administration (AA) 
was documented. The five percent of patients in wham 
this interval exceeded 12 hrs were excluded frm 
analysis because it was assumed that the N effects 
were no longer a major factor at that time and the 
interval was extremely variable (up to 44 hrs.). 
Student's t-test for unpaired samples and chi-square 
test wre applied where appropriate. 

Results. Narcotics were administered preoperatively 
(pre) to 289 patients (11.2%). Of 853 patients who 
received intraoperative N (intra), 802 (94%) received 
fentanyl (F). The median dose of F was 300 ug; 10% 
received 100 ug; 80% received 500 ug. The duration 
of anesthesia ranged fran .25 h to 12.5 h (median 2.2 
h). The mean AS on arrival in the RRwas 6.8 regardless 
of whether pre or intra Nwere administered. The mean 
RRS was 58 min in patients who did and did not received 
pre N. However, RRS was 67 min with intra N and 54 
without (p .01). The mean interval between the erd 


of anesthesia and AA was 3.1 h with pre N and 2.8 h 
oa With intra N it was 3.0 h and 2.7 h without 
p .01). 

Discussion. It is concluded that neither pre nor 
intraoperative narcotice administration influences 
the initial Aldrete Scores. Intraoperative, but not 
preoperative narcotic administration is associated 
with longer recovery roan stay and longer interval 
between termination of anesthesia and postoperative 
analgesic administration. 

Reference; 

1. Aldrete JA, Kroulik D: A postanesthetic recovery 
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Table 1 
Site N % 
Superficial (SF) 1691 65.4 
Intraperitoneal (IP) 525 20.3 
Spine (SP) 110 4.3 
Abd-extraperitoneal (EP) 81 3.1 
Intraoral (IR) 76 2.9 
Intracranial (IC) 56 2.2 
Abd-laparoscopy (LP) 24 0.9 
Chest (IT) 24 0.9 
Table 2 

Narcotic M D F 

N % N % N (%) 
Pre-op 224 (77.5) 65 (22.5) 


Intra-op 45 (5.3) 2 (0.2) 802 (94.5) 


Table 3 
Anesthetic N % 
I D 1015 39.2 
II EN 593 23.0 
III lo 190 7.3 
IV IN 167 6.5 
VD 529 20.4 
VI HN 93 3.5 

Table 4 
Group AS RRS (m) AA (h) 
I 6.8 53.6 2.5 
II 6.8 66.8 2.9 
III 6.5 62.6 2.3 
IV 5.5 68.6 3.2 
v 6.7 51.4 3.4 
VI 8.6 63.5 3.6 


$266 ANESTH ANALG 
1988;67:S1-S266 


ABSTRACTS 


Title: THE ELECTROENCEPHALOGRAPHIC EFFECTS OF LAUDANOSINE IN A RABBIT MODEL OF EPILEPSY 





Authors: MH Zornow, M.D., A Tateishi, M.D., and MS Schal er, M.D. 


Affiliation: Department of Anesthesiology (Neuroanesthesie Research, M-029) 
University of California at San Diego, La Jolla, California 92093 


Introduction: Laudanosine, a known metabolite of the muscl> 
relaxant atracurium, has been shown to be cause seizures in a 
variety of species.(1,2) The required plasma levels are muci 
higher than those that would be expected following clinica! use 
of atracurium. However, in the presence of cerebral patholog/ 
(brain tumor, trauma, seizure focus), it has been suggested 
that clinically relevant levels could provoke seizure activity. 
We therefore examined the EEG effects of laudanosine in am 
animal model of epilepsy. 

Methods: 8 New Zealand white rabbits weighing 3.1 - 3.9 kg 
were anesthetized with 4% halothane in oxygen, paralyzed wit) 
pancuronium, intubated, and mechanically ventilated with 30%. 
02 in nitrogen and 1.0% halothane. The PaCO2 was maintainec: 
between 35-45 mmHg. Esophageal temperature was monitored 
and maintained at 37° C through the use of servo-controlled 
heat lamps. A femoral arterial catheter was inserted for the 
continuous monitoring of arterial pressure. Following 
infiltration with 0.25% bupivacaine, the scalp was incised im 
the midline and reflected laterally to expose the skull. Brass 
screw electrodes were placed in the skull for the recording o? 
the EEG. Biparietal craniotomies were made for the late- 
application of gelfoam sponges soaked in a 4% cefazolin solutior 
to the cortical surface. Control EEG recordings (C1) were made 
following completion of the surgical preparation. The animals 
were then randomly assigned to receive an infusion of eithe- 
laudanosine (96 g/kg/min) or saline for 10 minutes. The 
EEG was again recorded (C2) and the 4% cefazolin applied tc 
the cortical surface. Infusions of laudanosine (24 g/kg/min - 
or saline were continued for the remainder of the experiment 
Repeat recordings of the EEG were made at 5, 10, 20, 30, 45 
and 60 minutes following the application of the cefazolin. These 
were subsequently scored in a blinded fashion for the frequency 
of spike and burst activity. All data were analyzed usin¢ 
unpaired t-tests. Significance was assumed for a p value of < 
0.05. 

Results: There were no significant differences between the 
two groups in terms of arterial blood pressure or blood gases 
during the experiment. As anticipated, analysis of the EEGs 
revealed a sharp increase in the frequency of spike and burs! 
activity following the application of the 4% cefazolin solution 
There were no differences, however, between the saline anc 
laudanosine treated groups (Fig. 1 and 2). No sustained 
seizure activity was seen in any of the animals. 

Discussion: Laudanosine is known to cause convulsions in 
animals at levels which greatly exceed those found in patients 
receiving atracurium. The possibility that- clinically relevan- 
levels may provoke seizures in patients with underlying 
cerebral pathology has been suggested.(3) In this anima! mode 
of an epileptogenic focus, no increased incidence of seizure 
activity could be detected in those animals receiving 
laudanosine’ at rates sufficient to produce plasma levels of the 
drug similar to what might be seen following the clinical use of 
atracurium. (3) 
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Fig. 1 Frequency (episodes/min + SEM) of spike and burst 
activity in the EEG of contro! animals during the course of the 
experiment. 
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Fig. 2 Frequency (episodes/min + SEM) of spike and burst 
activity in the EEG of animals receiving laudanosine. (C1 = end 
surgical prep., C2 = following loading dose of laudanosine, 
immediately prior to application of cefazolin) 


References: 1) Scheepstra GL, Vree TB, Crul JF, van de Pol 
F, and Reekers-Ketting J: Convulsive effects and 
pharmacokinetics of laudanosine in the rat. Eur J 
Anesthesiology 3:371-383, 1986 

2) Chapple DJ, Miller AA, Ward JB, and Wheatley PL: 
Cardiovascular and neurological effects of laudanosine. Br J 
Anaesth 59:218-225, 1987 

3) Shi W, Fahey MR, Fisher DM, Miller RD, Canfell C, Eger El: 
Laudanosine (a metabolite of atracurium) increases the 
minimum alveolar concentration of halothane in rabbits. 
Anesthesiology 63:584-588, 1985 


Amestnesa 
amd Amagesia 





Abstract Index 
Volume 67, 1988 


Journal of the International Anesthesia Research Society 


AUTHOR INDEX 


Abel MD, see Villamaria FJ 
Abou-Donia MM, see Hall BC 
Abouleish E, see Aravapalli R 
see Cronau LH jr. 
Adair N, see Bowton DL 
Adamson E, see Cohen NH 
Adcock D, Albin MS, Monts J, Ritter RR. 
Intraoperative processed EEG and 
outcome responses during 
cardiovascular bypass procedures S1 
Ahlf SB, see Kotrly KJ 
Albin MS, see Adcock D 
Albrecht RF, see Pelligrino DA 
see Riegler FX 
Aldrete JA, see Aravapalli R 
Alford PT, see Bowton DL 
Ali HH, see Basta SJ 
Amaral RVGD, see Carvalho JCA 
Anderson JA, Kafer ER. Evaluation of the 
accuracy of four pulse oximeters 
during outpatient dental anesthesia 
$2 
Andrews RW, see Pataky AO 
see Rothfusz ER 
Angel JJ, see Ramanathan J 
Angert KC, see Rogers AT 
Anton AH, see Dauchot PJ 
Antonio J, see Hursh D 
Aravapalli R, Abouleish E, Aldrete JA. 
Anesthetic implications in the 
parturient epileptic patient $3 
Arbit E, see Shah NK 
Arndt JO, see Medert HA 
Aronson S, Roth S, Glock D, Goldberg L, 
Moss J, Roizen MF. Preservation of 
renal blood flow during controlled 
hypotension with fenoldopam in 
dogs 54 
Ascher J, see Glass PSA 
see Larijani GE 
Asher J, see Goldberg ME 
Ashton-Miller JA, see Vanderspek AFL 
Askari FK, see Hartman GS 
Aukburg SJ, see Rothfusz ER 
Avram MJ, see Benzon HT 
Azad SS, see Bartkowski R 
see Goldberg ME 
see Larijani GE 
see Seltzer JL 
Azar I, see Phan CQ 
see Thiagarajah S 
Bach P, see Weber W 
Baden JM, see Fujinaga M 
Badrinath SK, Braverman B, Ivankovich 
AD. Alfentanil and sufentanil 
prevent the increase in IOP from 
succinyldicholine S5 
Bagshaw RJ, see Zahl K 
Bailey PL, Fung MC, Pace NL, Stanley 
TH. Central respiratory effects of 


Author Index 


propranolol after acute IV 
administration S6 
Baker JD m1, see Conroy JM 
Baker LE, see Hayes JK 
Baker T, see Stanec A 
Baldwin B, see Hall BC 
Barash PG, see Hines R 
Barker SJ, see Lee SE 
Barnette RE, Fish DJ, Eisenstaedt RS. 
Impact of physician education on 
perioperative utilization of FFP $7 
Barsamian M, see Miler V 
Bartkowski R, Larijani GE, Goldberg ME, 
Azad SS. Onset, duration and 
reversal of pipecuronium induced 
neuromuscular blockade under 
balanced anesthesia S8 
Bartkowski RE, see Seltzer JL 
Basta SJ, Debros F, Savarese JJ, Ali HH, 
Embree P, Lai A, Schwartz A, 
DeAngelis R, Gallagher M, James 
N. BW A938U pharmacokinetics 
and dynamics in healthy surgical 
patients under isoflurane anesthesia 
$9 
Bastulli J, see Dauchot PJ 
Beach C, see Seltzer JL 
Beach CA, see Quill TJ 
see Tullock WC 
Bean VE, see Butterworth JF rv 
Bedford RF, s2e Desiderio DP 
see Shah NX 
Bednarski M, see Starr NJ 
Beebe J, Sessler DI. Preparation of 
anesthesia machines for patients 
susceptible to malignant 
hyperthermia S10 
see Sessler DI 
Bell C, see Hughes C 
Bell GC, Bunegin L, Gelineau J, Gilbert TJ, 
Smith RB. Continuous flow apneic 
ventila-ion in lung injury induced 
by oleic acid injection in the dog 
$11 
Bennett B, se2 El Naggar MA 
Bennett HL, DeMorris KA, Willits NH. 
Acquisition of auditory information 
during different periods of general 
anesth2sia $12 
Benumof JL, see Scheller MS 
Benzon HT, Toleikis JR, Meagher LL, 
Shapiro BA, Avram MJ, Ts‘ao C. 
Tourniquet pain: changes in SSEP, 
blood ‘actate and venous blood 
gases S13 
Berde CB, Sethna NF, Micheli LJ. A 
technique for continuous lumbar 
sympathetic blockade for severe 
reflex sympathetic dystrophy in 
children and adolescents $14 
Beric A, see Loubser PG 


ANESTH ANALG 
1988;67:5269-79 


5269 


Berman M, see Lippmann M 
Bernards C, see Drasner K 
Bertels NH, see Bowton DL 
Bevacqua BK, Russell GB. Epidural 
anesthesia and water immersion for 
extracorporeal shock wave 
lithotripsy $15 
Bevan DR, see Smith CE 
Bianchi JJ, see Gallagher JD 
Birch BD, Louie GL, Vickery RG, Gaba 
DM, Maze M. Adenosine agonist 
decreases halothane MAC and 
noradrenergic neurotransmission in 
rats S16 
Black D, see Porter SS 
Blanchard J, Menk EJ, Ramamurthy S, 
Hoffman J. Subarachnoid & 
epidtral calcitonin for the 
management of cancer pain S17 
Blasco TA, see Sloan TB 
Bloom R, see Marcovitz MJ 
Bloor BC, Fzankland JT, Karson Y, 
McIntee DF. Guanfacine reduction 
in halothane anesthetic dose 
requirement in dogs S18 
see Vercellino CE 
Boccio RV, see Katz RI 
Bochenek E, see Kapur PA 
Bolli R, see Suignard LJ 
Borland LM, see Brandom BW 
Bose D, see Keane E 
Bottros MR. see Fahmy NR 
Boudoulas H, see McDonald J 
Bouyer L, see Ganansia MF 
Bowton DL, Haddon WS, Prough DS, 
Adair N, Alford PT, Bertels NH, 
Stump DA. Effect of theophylline 
on the cerebral blood flow response 
to hypoxemia $19 
Bradley EL Jr, see Kissin I 
see Tverskoy M 
Brandom BW, Sarner JB, Dong ML, Horn 
M, Woelfel SK, Cook DR, Borland 
LM, Davis PJ, Foster VJ, McNulty 
BS. Mivacurium chloride (BW 
B10S0U) infusion requirements in 
chilcren during halothane or 
narcotic anesthesia S20 
see Tullcck WC 
see Woe'fel SK 
Brauer FS, see Cole DJ 
Braverman B, see Badrinath SK 
Bray C, see Zahl K 
Broadman LM, Soliman IE, Hannallah RS, 
McGill WA. Evaluation of EMLA 
(eutactic mixture of local 
anesthetics) for topical analgesia in 
children $21 
Sellman GL, Patel RI, Camilon P, 
Milmoe G, Feldman BA. The effects 
of peritonsillar infiltration upon the 


$270 ANESTH ANALG 
1988;67:5269-79 


reduction of operative blood loss 
and postoperative pain in children 
having tonsillectomies $22 
Bromm B, see Kochs E 
Brose WB, Powar M, Cohen SE. Oxygen 
saturation in post-cesarean patients 
using epidural morphine, PCA, or 
IM narcotic analgesia $24 
Brose WG, Cohen SE. Epidural lidocaine 
for cesarean section: minimum 
effective epinephrine concentration 
$23 
3rown J, see Rampil IJ 
see Weiskopf RB 
3rown M, see Marcovitz MJ 
3rown PT, see Kissin I 
3rustowicz R, see Voss S 
3ulkley R, see Ebrahim Z 
3unegin L, see Bell GC 
see Gilbert J 
3urns RJ, see Chung F 
3utterworth JF, see Rogers AT 
3utterworth JF 1v, Bean VE, Royster RL. 
Rapid sequence induction of 
anesthesia for coronary artery 
bypass surgery: etomidate versus 
sufentanil $25 
lyers RS, see Weber S 
-aceras A, see Voss S 
-ahalan M, see Rampil IJ 
see Weiskopf RB 
amilon P, see Broadman LM 
-annon JE, see Futó J 
vantley E, see Hsu E 
‘arron JL, see Gelb AW 
‘arvalho JCA, Mathias RS, Senra WG, 
Amaral RVGD. Spread of epidural 
anesthesia in pregnancy: can 
epinephrine contribute to the 
controversy? S26 
‘ascorbi HF, see Dauchot PJ 
‘asey WF, Smith CE, Katz JM, 
O'Loughlin K, Weeks SK. 
Intravenous meperidine for control 
of shivering during emergency 
cesarean section under epidural 
anesthesia $27 
assidy G, see Heard SO 
habal C, see Jacobson L 
harchaflieh J, see Fahmy NR 
harles D, see Rogers AT 
haudhry I, see Hartwell PW 
hauhan D, see Ramanathan J 
helly JE, see Suignard LJ 
hen J, see Kaufman J 
heng DCH, see Chung F 
heng EY, Stommel KA. Respiratory 
monitoring for postoperative 
patients receiving epidural opioids 
528 
see Lauer KK 
hester WL, Ranieri T, Grossi EA, 
Schubert A, Tunic P, Thomas SJ. 


Isoflurane vs sufentanil for CABG 
surgery SD 
Chiang CK, see Gomez MN 
Chow F, see Sessler DI 
Christensen S, Ferrow-Gillespie A, 
Lerman J. Post-anesthetic vomiting 
in children undergoing strabismus 
repair: a comparison of droperidol 
and lidocaine $30 
see Farrow-Gilkspie A 
Christenson E, see Thiagarajah S 
Chrusciel C, Mayhall CG, Embrey J, Weir 
S, Russell v. A comparative study 
of bacterial contamination of 
reusable ard disposable soda lime 
absorbers £31 
Chung F, Cheng DCH, Houston PL, 
Lavelle PA. McDonald N, Burns RJ, 
David TE. Zalcium antagonists in 
aortocoronary bypass—should we 
beware? $22 
Chuter T, see Wessman C 
Cirella V, see Melendez J 
Clark SK, Leightcn BL, Seltzer JL. Patient 
recall decreases if a risk-specific 
anesthesia consent form is not seen 
before the pre-operative interview 
$33 
Cleland A, see Markin JM 
Cohen AH, see Shulman DL 
Cohen NH, Tschann JM, Adamson E. 
Assessmen- of patient satisfaction 
with anestlesia services $34 
see Nussmeier NA 
Cohen SE, see Brose WG 
see Brose WB 
Cohn M, see Cohan ML 
Cohn ML, Machado AF, Cohn M. A two 
catheter tecnnique for radiographic 
evaluation of epidural space $35 
Colavita RD, Pelligrino DA. Beagle puppy 
model of th= neonatal brain: effect 
of nitrous oxide on cerebral blood 
flow and m2tabolism $36 
Cole DJ, Drummond JC, Shapiro HM, 
Brauer FS. Spinal cord injury: the 
effect of subarachnoid naloxone on 
outcome after spinal cord injury 
occurring during narcotic anesthesia 
S37 
Collette DJ, see Peters JL 
Collins JG, see Na <agawa I 
Conklin K, see Hs1 E 
Conroy JM, Baker JD m, Cooke JE. 
Supernatant potassium levels in 
stored blooc $38 
Cook DR, see Brardom BW 
see Tullock WC 
see Woelfel SK 
Cooke JE, see Con-oy JM 
Copeland J, see Ccrk RC 
Cork RC, Gallo JA Jr, Weiss LB, Plezia P, 
Kramer T, Lavy JP, Gandolfi AJ. 
Sufentanil ir fusion: 


AUTHOR INDEX 


pharmacokinetics compared to 
bolus $39 

Gallo JA jr, Weiss LB. Sufentanil 
infusion: pharmacodynamics 
compared to bolus $40 

Gallo JA jr, Smith R, Copeland J. The 
systemic and pulmonary vascular 


effects of calcium in the post-op low 


cardiac output state S41 
see Snyder MM 
Corssen G, see Trouwborst A 
Couture LJ, Thomas DR, Lippmann SB, 


Edmonds HL, Lucas LL. Monitoring 


seizure duration in patients 
undergoing electroconvulsive 
therapy (ECT) $42 
see Smith BJ 

Coveler L, see Rosen D 

Cozian A, see Lepage JY 

Cronau LH jr, Merin RG, Abouleish E, 
Steenberg ML, Melgarejo AB. 
Bupivacaine (B) and lidocaine (L) 
functional and metabolic influence 
in isolated working rat heart $43 

Croughwell N, Reves JG, Hawkins E. 
Cardiovascular changes after 
midazolam in patients with aortic 


stenosis: effects of nitrous oxide $44 


Cucchiara RF, see Gibson BE 
Cummings R, see Hill R 
Dabb BF, see Dauchot PJ 
Dahl M, see Kuperwasser B 
Dailey P, see Preston P 
Dailey PA, see Hughes SC 


Dauchot PJ, Lina AA, van Heeckeren DW, 


Bastulli J, Anton AH. Sufenta 
requirements, plasma sufenta and 


catecholamine levels after diazepam 


during CABG surgery $45 
Dabb BF, LaManna J, Anton AH, 

Cascorbi HF, Jezeski R. Effect of 
verapamil on hemodynamics and 
left ventricular blood flow in 
anesthetized dogs $46 

David TE, see Chung F 

Davies GG, see Kamal GD 

Davis PJ, see Brandom BW 

see Woelfel SK 

Davis RA, see Zahl K 

Davy TA, see Marshall J] 

DeAngelis R, see Basta SJ 

Debzos F, see Basta SJ 

DelGuercio CD, see Heard SO 

Delphin E, see Melendez J 

DeMorris KA, see Bennett HL 

Desai R, see Tabatabai M 

Desiderio DP, Shah NK, Loughlin CJ, 
Bedford RF. Pulse oximetry during 
thoracic surgery: not the “gold 
standard” for oxygenation S47 

Desverreaux JN m, see Malinow AM 

DeWitt DS, see Whitley JS 

Dhamee MS, Reynolds AC, Entress J, 
Olund T, Kalbfleisch J. 


=~ 


AUTHOR INDEX 


Cardiovascular effects of 
pancuronium, vecuronium and 
atracurium during induction of 
anesthesia with sufentanil for 
CABG S48 
Diamond JG, see Gelb AW 
Diana P, see Tullock WC 
Dick WF, see Jantzen JP 
DiFazio CA, see Stirt JA 
DiFronzo S, see Miler V 
Dimich I, see Katende R 
Dimick AR, see Gregoretti S 
Dimitrijevic M, see Loubser PG 
DiResta GR, see Shah NK 
Dodds T, see Melendez J 
Donati F, see Smith CE 
Donegan JH, see Rampil JJ 
see Rupp SM 
Donenfeld R, see Ramabadran K 
Dong ML, see Brandom BW 
see Woelfel SK 
Dose VA, see Segal IS 
Dosland T, Watkins J, Ring WS, Estrin JA. 
Hemodynamics of heart transplant 
recipients immediately following 
cardiopulmonary bypass S49 
Watkins J, Estrin JA. Prebypass changes 
in pulmonary vascular impedance 
during heart transplantation S50 
see Watkins J 
Douglas C, see Glass PSA 
Downs JB, see Howie MB 
Doze VA, Shafer A, White PF. Propofol 
blood concentrations required to 
supplement nitrous oxide 
anesthesia S51 
see Vickery RG 
‘Drasner K, Bernards C, Ozanne GM. 
Intrathecal morphine reduces the 
minimum alveolar concentration of 
halothane in man S52 
Drobycki T, see Tabatabai M 
Drummond JC, Moore SS. Small increases 
in plasma glucose (50%) aggravate 
neurologic outcome after spinal 
cord ischemia in the rabbit $53 
see Cole DJ 
see Fleischer JE 
Dubois M, see Kaufman J 
Duly E, see Flynn RJ 
Dundee JW, see Flynn RJ 
see Milligan KR 
see Moore J 
Durkan W, Lonergan M, Schwartz S, 
Fleming N. Effect of membrane 
oxygenators on sufentanil blood 
levels during cardiopulmonary 
bypass 554 
Dwyer R, see Flynn RJ 
Earnshaw G, see Jantzen JP 
Eberly C, see Goudsouzian N 
see Miler V 
Ebrahim Z, Bulkley R, Roth S. 
Carbamazepine therapy and 


neuromuscular blockade with 
atracurium and vecuronium $55 
Edmonds HL, see Couture LJ 
Edmonds HL jr, see Smith BJ 
Edwards TL, Freas W, McGehee J, 
Muldoon SM. Mechanism of 
vasomotor changes with isoflurane 
S56 
Eger EI, see Rampil JJ 
Eger EI 1, see Nussmeier NA 
see Weiskopf RB 
Eggersmann C, see Medert HA 
Eisenstaedt RS, see Barnette RE 
El Naggar MA, Bennett B, Raad C, 
Yogaratnam G. Bilateral intrapleural 
intercostal nerve block $57 
Embree P, see Basta SJ 
see Goudsouzian N 
see Miler V 
Embrey J, see Chrusciel C 
Entress J, see Dhamee MS 
Erdmann W, see Trouwborst A 
Esposito B, see Stehling LC 
see Zauder HL 
Estafanous FG, see Kobayashi H 
see Starr NJ 
Estrin JA, see Dosland T 
see Watkins J 
Fahey MR, see Futó J 
Fahmy NR, Bottros MR, Charchaflieh J, 
Sunder N. Labetalol vs. 
nitroprusside for deliberate 
hypotension: effects on systemic 
hemodynamics and arterial 
oxygenation S58 
Fallon K, see Sperring SJ 
Fallon KD, see Khalil SN 
Fang WB, see Vanderspek AFL 
Farrar JK, see Murkin JM 
Farrow-Gillespie A, Christensen S, 
Lerman J. Effect of the fasting 
interval on gastric pH and volume 
in children S59 
see Christensen S 
Feldman BA, see Broadman LM 
Fiamengo SA, see Haering JM 
see Hartman GS 
Finkelstein H, see Katz RI 
Firsching R, see Gilbert J 
Fish DJ, see Barnette RE 
Flacke JW, see Vercellino CE 
Flacke WE, see Vercellino CE 
Fleischer JE, Tateishi A, Drummond JC, 
Scheller MS, Zornow MH, Shapiro 
HM. Hemodynamic effects of 
nimodipine administered to cats 
following resuscitation from cardiac 
arrest S60 
Fleming N, see Durkan W 
Fleyshman G, see Tverskoy M 
Flynn R, see Moore J 
Flynn RJ, Moore J, Dwyer R, Duly E, 
Dundee JW. Changes in alpha 1 
acid glycoprotein during labor S61 


ANESTH ANALG 
1988;67:5269-79 


$271 


Foldes FF, see Hartwell PW 
Forbes RB, see Murray DJ 
Ford RW, see Vaghadia H 
Foster V, see Miler V 
Foster VJ, see Brandom BW 
see Goudsouzian N 
see Woelfel SK 
Fouad FM, see Kobayashi H 
Frank ED, Mckay W, Rocco A, Gallo JP. 
Comparison of intrapleural 
bupivacaine versus intramuscular 
narcotic for treatment of subcostal 
incisional pain S62 
Frankland JT, see Bloor BC 
Franks JJ, see Kambam JR 
Freas W, see Edwards TL 
Frolicher D, see Suntay GJ 
From RP, Mehta MP. Effects of 
beta-adrenergic blockade on serum 
potassium following succinylcholine 
S63 
Scamman FL. Ventilatory frequency 
does influence accuracy of ETCO, 
measurements: analysis of five 
capnometers S64 
Fromm B, see Stehling LC 
see Zauder HL 
Fugina ML, Sloan TB. Midazolam alters 
median nerve somatosensory 
evaked potentials S65 
Fujinaga M, Mazze RI, Jackson EC, Baden 
JM. Reproductive and teratogenic 
effects of sufentanil and alfentanil in 
sprague-dawley rats S66 
Fung MC, see Bailey PL 
Futó J, Cannon JE, Fahey MR, Seals CF, 
Kuoferberg JP, Miller RD, Moss J. 
Vecuronium inhibits histamine 
N-methyl transferase S67 
Gaba DM, see Birch BD 
Gallagher JD, Bianchi JJ, Gessman LJ. 
Halothane antagonizes digitalis 
toxicity in canine purkinje fibers S68 
Gallagher M, see Basta SJ 
Gallo JA -r, see Cork RC 
Gallo JP, see Frank ED 
Ganansia MF, Bouyer L, Guillet JC, 
Gerard C, Souron R. Aspiration 
pneumonia prophylaxis—use of oral 
effervescent cimetidine in obstetric 
an2sthesia S69 
Gandjei RK, see Maze M 
Gandolfi AJ, see Cork RC 
Gelb AW, Lam AM, Wu X, Carron JL, 
Diamond JG. Anesthetic agents 
influence the cerebral blood flow 
response to hypoxic hypoxemia S70 
see Lam AM 
Gelb C, see Okutani R 
Gelineau J, see Bell GC 
see Gilbert J 
Gelman 5, see Gregoretti S 
Gerard C, see Ganansia MF 
Gessmar. LJ, see Gallagher JD 


3272 ANESTH ANALG 


1988;67:5269-79 


settes M, see Thys DM 
shaly RG, see Moore J 
3ibson BE, Oliver SB, Maass L, Cucchiara 
RF. Esmolol for the contro: of 
hypertension following neurologic 
surgery S71] 
siesecke AH, see Lamont BJ 
Siesecke AH jr, see Jantzen JP 
silbert J, Firsching R, Bunegin L, Gelineau 
J. The relative value of different 
neurophysiological monitors in a 
rhesus monkey model of cerebral 
ischemia S72 
3ilbert TJ, see Bell GC 
sinsberg B, see Glass PSA 
3lass PSA, Ginsberg B, Quill T, Shafron 
D, Ascher J, Douglas C. Onset, 
duration and reversal following 
doxacurium chloride (BW A938U) 
when combined with isoflurane $73 
see Quill TJ 
Slock D, see Aronson S 
slosten B, see Preston P 
3odfrey S, see Shulman DL 
sold B, see Kitz DS 
Sold MI, Sacks DJ, Moser M, Grasnoff 
DB. Induction and maintenance of 
anesthesia with propofol-propofol 
infusion or thiopental-isoflurane $74 
Grosnoff DB, Herrington C. Use of 
bolus esmolol followed by infusion 
for intraoperative 
tachycardia/hypertension S75 
Soldberg L, see Aronson S 
Soldberg ME, Norris MC, Marr AT, 
Seltzer JL, Larijani GE. 
Preoxygenation in the morkidly 
obese: a comparison of two 
techniques S76 
Larijani GE, Sosis M, Azad SS, Williams 
JJ, Lessin JB, Marr AT, Lobes PF, 
Asher J, Weakly JN, Seltzer JL. A 
comparison of endotracheal 
intubation conditions and recovery 
following intubating doses of 
mivacurium chloride or 
succinylcholine in outpatient 
surgery S77 
see Bartkowski R 
see Larijani GE 
see Seltzer JL 
Gomez MN, Symreng T, Johnson 3, Rossi 
NP, Chiang CK. Intrapleural 
bupivacaine for intraoperative 
analgesia—a dangerous technique? 
$78 
see Symreng T 
Gonzalez H, see Lippmann M 
Gore G, see Stanley TH 
Gorsky BH. Alteration of blood 
components with hemodilution and 
administration of washed shed red 
cells S79 
Goudsouzian N, Miler V, Foster VI, 


Embree P, Snyder HL, Eberly C, 
McNulty B. The efficacy and safety 
of bolus doses of doxacurium in 
children S8@ 
see Miler V 
Graham DE, see Isley MR 
Graninger W, see Lackner F 
Gravlee GP, see Sump DA 
Gregoretti S, Gelman S, Dimick AR. 
Effects of wound excision on 
pulmonary 1emodynamics and gas 
exchange in burned patients S81 
Griffin RM. Haemodynamic changes 
during extrecorporeal shockwave 
lithotripsy under general 
anaesthesia 582 
Grinberg Y, see Ketz RI 
Griswold J, see Mier V 
Grosnoff DB, see Gold MI 
Grossbarth D, see Silvay G 
Grossi EA, see Chester WL 
Guenther NR, see Lauer KK 
Guffin A, see Thys DM 
Guillet JC, see Garansia MF 
Haaren EV, see Kralil SN 
Hackett GH, see Jantzen JP 
Haddon WS, see Bowton DL 
Haering JM, Fiamengo SA, Hartman GS. 
Pre- and post-junctional interactions 
of vecuronium with succinylcholine 
in the cat S83 
see Hartman GS 
Hall BC, Baldwin E, Raymond RN, 
Abou-Donia MM, Weakly JN, 
McIntyre RV’. Cardiovascular effects 
of mivacurium chloride in patients 
with coronary artery disease 584 
Hamilton-Dykes V, see Sperring SJ 
Hanna LS, see Hush D 
Hannallah RS, Patd RI. Low dose 
intramuscular ketamine for 
anesthesia induction in young 
children undergoing brief outpatient 
procedures $85 
see Broadman LM 
Hargadine WL, see Paulsen AW 
Hartley CJ, see Suignard LJ 
Hartman GS, Fiamengo SA, Haering JM, 
Askari FK. P-ejunctional 
suppression >f succinylcholine 
induced fasciulations by 
atracurium ir the cat $86 
see Haering JM 
Hartwell PW, Mori& K, Kinjo M, 
Chaudhry I, Litwer CA, Foldes FF. 
Antagonism of the vecuronium, 
atracurium and Mg++ block by 
methylguanicine in rats 587 
Hastings WL, see Marshall JJ 
Hawkins E, see Craughwell N 
Hawkins ED, see Schwinn DA 
Hayes JK, Smith KW, Baker LE. 
Determination of cardiac function 


AUTHOR INDEX 


using esophageal impedance 
cardiography S88 
see Peters JL 
Head N, see Kurkl T 
Heard SO, Niehoff JM, DelGuercio CD, 
Cassidy G, Yeston NS, Valeri CR. 
Effect of adrenergic blockade on 
potassium following a 
succinylcholine bolus or infusion in 
dogs S89 
Hein HAT, see Jantzen JP 
Hélias JH, see Lepage JY 
Herndon D, see Talke P 
Herrington C, see Gold MI 
Herszkowicz I, see Loubser PG 
Hill R, Pollard J, Cummings R, Reves JG, 
Lowe J. The influence of anesthetic 
agents on myocardial tolerance to 
total ischemia: halothane vs 
isoflurane S90 
Hillel Z, see Thys DM 
Hines R, Nagle S, Barash PG. Can global 
cardiac performance be inferred 
from the arterial waveform? S91 
Hinkle AJ. A rapid and reliable method of 
selecting endotracheal tube size in 
children S92 
Hinshelwood L, see Rogers AT 
Hintze MS, see Kumar V ` 
Hjelmhaug JA, see Rice MJ 
Hodges M, see Suntay GJ 
Hoffman BB, see Maze M 
Hoffman J, see Blanchard J 
Holmes M, see Rampil JJ 
Holmes MA, see Weiskopf RB 
Hood LE, see Larijani GE 
Horn M, see Brandom BW 
see Woelfel SK 
Housmans PR, Murat I. The volatile 
anesthetics, halothane, enflurane, 
and isoflurane interfere with normal 
myocardial relaxation S93 
see Murat I 
Houston PL, see Chung F 
Hovagim AR, Katz RI, Poppers PJ. Pulse 
oximetry for evaluation of radial 
and ulnar arterial blood flow $94 
see Katz RI 
Howard RC, see Milligan KR 
Howe JP, see Miliigan KR 
Howie MB, Suntay GJ, Rasanen J, 
McSweeney TD. Preload 
administration predicted by 
nitroglycerin infusion prior to 
narcotic induction $95 
Suntay GJ, Murray K, Downs JB. 
Limitation of pulmonary 
vasodilation by nitroglycerine 
shown by right ventricular ejection 
fraction catheter $96 
see Kuperwasser B 
see Suntay GJ 
Hsu E, Murad SH, Tabsh K, Conklin K, 
Cantley E. Alphaprodine: its 


AUTHOR INDEX 


placental transfer and hemodynamic 
effects in the pregnant ewe S97 
Hubbard M, see Reich DL 
Hudspeth AS, see Roy RC 
Hughes C, Bell C, Oh TH. Hyperglycemia 
in the pediatric patient undergoing 
hypothermic cardiopulmonary 
bypass 598 
Hughes S, see Preston P 
Hughes SC, Dailey PA, Partridge C. 
Transcutaneous electrical nerve 
stimulation for labor analgesia 599 
Hung HL, see Tsai SK 
Hursh D, Antonio J, Hanna LS. 
Isovolemic hemodilution: a 
comparative study of diluents S100 
Jaizzo PA, see Lanier WL 
Ilias W, see Lackner F 
Isley MR, Kafer ER, Zech BA, Norfleet 
EA, Lucas WJ, Graham DE, 
Shinkman PG. High-dose fentanyl 
induction: the effect on spectral 
edge frequency and amplitude of 
the EEG S101 
Ivankovich AD, see Badrinath SK 
see Tuman KJ 
Jackson EC, see Fujinaga M 
Jacob AM, see Kumar V 
Jacobson L, Chabal C. Intrathecal 
morphine: efficacy, duration, 
optimal dose and side effects 5102 
Jaenicke U, see Weber W 
James N, see Basta SJ 
Jantzen JP, Witton PK, Wilbert DM, Hein 
HAT, Dick WF. Anesthetic 
management of 
non-immersion-ESWL: a 
retrospective analysis of 587 
consecutive cases 5103 
Hackett GH, Earnshaw G, Hein HAT, 
Giesecke AH jr. Neuromuscular 
blockade in CAD—which drug to 
choose? A controlled study in 
conditioned foxhounds 5104 
Jenkins LC, see Vaghadia H 
Jennings LW, see Lamont BJ 
Jeroudi MO, see Suignard LJ 
Jezeski R, see Dauchot PJ 
Jimenez PA, see Khalil SN 
Johns RA, Johnson A, Joob A, Peach MJ, 
Kron I. Routine probing of the 
canine mammary artery impairs 
endothelium-dependent 
vasodilation and prostacyclin 
production S105 
Johnson A, see Johns RA 
Johnson B, see Gomez MN 
see Symreng T 
see Weiskopf RB 
Johnson BH, see Rampil IJ 
see Weiskopf RB 
Johnson DL, see Perz RR 
Jones BL, see Scheller MS 
Joob A, see Johns RA 


Joseph NJ, see Salem MR 
Juge C, see Lepage JY 
Kafer ER, see Anderson JA 
see Isley MR 
see Spielman FJ 
Kalbfleisch J, see Dhamee MS 
Kamal GD, Davies GG, Starr J. Misleading 
esophageal doppler cardiac output 
during early hemorrhage in pigs 
S106 
Kamaya H, see Nosaka S 
Kambam JR, Parris WCV, Franks JJ, Sastry 
BVR. The inhibitory effect of 
metoclopramide on plasma 
cholines-erase activity $107 
Kampine JP, see Kotrly KJ 
Kaplan JA, see Silvay G 
see Thys DMi 
Kapur PA, Bochenek E. Esmolol as an 
adjunct to nitroprusside for 
controlled hypotension in 
anesthetized dogs S108 
Karson Y, see Bloor BC 
Kasten GW, see Pedigo NW 
Katende R, Dimich I, Michula 5, 
Sonnenklar N. The effects of 
intraver.ous cimetidine and 
metoclopramide on gastric pH and 
volume in outpatients 5109 
Katz JM, see Casey WF 
Katz RI, Hovagim AR, Finkelstein H, 
Grinberg Y, Boccio RV, Poppers PJ. 
A comparison of cocaine, lidocaine 
with epinephrine and 
oxymetazoline for prevention of 
epistaxis on nasal intubation 5110 
see Hovagira AR 
Kaufman J, Dubois M, Siegelman R, Chen 
J. Onset, intubation conditions and 
duration of action of vecuronium: 
high dase vs. low dose S111 
Kay J, see Lauer KK 
Keane DM, see Tuman KJ 
Keane E, Ong BY, Bose D, Sitar DS, 
Palahniuk RJ. Magnesium sulfate 
enhanced recovery of impaired 
cerebral blood flow autoregulation 
in postasphyxic newborn lambs 
$112 
Keats M, see Thiagarajah S 
Kemper M, see Quinn TJ 
Keusch D, se2 Thys DM 
Khalil SN, Nuutinen LS, Rawal N, 
Jimenez PA, Marcus MA, Haaren 
EV, Fallon KD, Stanley TH. 
Sigmoidorectal methohexital as an 
inducing agent for general 
anesthesia in children 5113 
Kinjo M, see Hartwell PW 
Kinman J, se2 Kitz DS 
Kirimli B, see Tabatabai M 
Kissin I, Brown PT, Bradley EL Jr. 
Diazepam-morphine interaction in 


ANESTH ANALG 
1988;67:5269-79 


$273 


rats: a nine-fold increase in 
hypnotic potency $114 
see Tverskoy M 
Kitahata LM, see Nakagawa I 
Kitts JB, Martineau R, Veilleux L, 
McBurney R. Is the effect of 
succinylcholine predictable in the 
preser.ce of a nondepolarizing 
neuromuscular block? $115 
Kitz DS, Gold B, Schwartz JS, Kinman J, 
Lecky JH. Decreasing unnecessary 
preoperative testing in PS I and II 
patients S116 
see Pataky AO 
see Rothfusz ER 
Klintmalm G, see Paulsen AW 
Klowden AJ, see Salem MR 
Kobayashi E, Estafanous FG, Fouad FM. 
Effects of myocardial infarction on 
hemodynamic responses to variable 
degrezs of hemodilution S117 
Kochs E, Schulte am Esch J, Treede RD, 
Broma B. Pain related late evoked 
potential components under general 
anesthesia $118 
Koehler LS, see Starr NJ 
Komatsu T, see Shibutani K 
Konstadt SM, see Reich DL 
see Thys DM 
Koob GF, see Weinger MB 
Koski G, see Okutani R 
Kotrly KJ, Roerig DL, Ahlf SB, Kampine 
JP. First pass uptake of lidocaine, 
diazepam and thiopental in the 
human lung S119 
Kraemer FR, see Maze M 
Kramer T, see Cork RC 
Krane FJ, Su JY. Effects of halothane on 
the contractile proteins in skinned 
myocardial fibers of newborn and 
adult rabbit 5120 
Kron I, see Johns RA 
Kumar V, Hintze MS, Jacob AM. 
Anesthesia gas delivery systems 
and ancillary monitors—a survey of 
Iowa hospitals $121 
Kuni D, see Silvay G 
Kuperwasser B, Dahl M, McSweeney TD, 
Howie MB. Comparison of 
alfer:tanil and sufentanil in the 
ambulatory surgery procedure 
when used in balanced anesthesia 
technique $122 
see McDonald J 
Kupferberg JP, see Futó J 
Kurkl T, Smith NT, Sanford T, Head N. 
Pulse oximetry during open heart 
surgery $123 
Lackner F, Graninger W, Ilias W, Panzer 
S, Schulz E. LMW—hydroxyethyl 
starch and reticuloendothelial 
function $124 
Lai A, see Basta SJ 
LaManna 1, see Dauchot PJ 


$274 ANESTH ANALG 


1988;67:S269-79 


Lam AM, Wu X, Gelb AW. Regional 
cerebral blood flow during 
nicardipine and nitroprusside 
induced hypotension $125 

see Gelb AW 
see Manninen PH 

Lamb J, see Melendez J 

Lambert GS, see Paulsen AW 

Lambert ML, see Nussmeier NA 

Lamont BJ, Pennant JH, Wallace DH, 
Jennings LW, Giesecke AH. Directly 
measured uterine tone and blood 
loss during anesthesia for cesarean 
section $126 

Lanier WL, Iaizzo PA, Milde JH. Cerebral 
and afferent muscle responses to 
succinylcholine in dogs pretreated 
with pancuronium $127 

Larijani GE, Goldberg ME, Azad SS, Marr 
AT, Lessin JB, Hood LE, Ascher J, 
Rudd GD, Seltzer JL. The efficacy of 
doxacurium chloride for 
endotracheal intubation and 
provision of neuromuscular 
blockade in patients anesthetized 
with enflurane $128 

see Bartkowski R 
see Goldberg ME 
see Seltzer JL 

Lauer KK, Cheng EY, Stommel KA, 
Guenther NR, Kay J. Pulse oximetry 
evaluation of the palmar circulation 
$129 

Lavelle PA, see Chung F 

Lear E, see Phan CQ 

see Thiagarajah S 
Lecky JH, see Kitz DS 
see Pataky AO 
see Rothfusz ER 
Lee SE, Tremper KK, Barker SJ. Effects of 
, anemia on pulse oximetry and 
continuous mixed venous oxygen 
saturation monitoring in dogs S130 

Lees DE, see Shibutani K 

Leigh J, see Wilton NCT 

Leighton BL, see Clark SK 

Lepage JY, Pinaud M, Juge C, Hélias JH, 
Cozian A. Left ventricular function 
during propofol and fentanyl 
anesthesia in patients with coronary 
artery disease. Assessment with a 
radionuclide approach. $131 

Pinaud M, Juge C, Hélias JH, Cozian A. 
Left ventricular function during 
propofol anesthesia in patients with 
coronary artery disease: assessment 
with a radionuclide approach $132 

-erman J, Derdemezi J, Strong HA, 
McLeod ME. Pharmacokinetics of 
intravenous dantrolene in malignant 
hyperthermia susceptible (MHS) 
pediatric patients $133 

rman J, see Christensen S 

see Farrow-Gillespie A 


Lessin JB, see Goldberg ME 
see Larijani CE 
Levy JP, see Cork RC 
Lina AA, see auchot PJ 
Lingam R, see =untay GJ 
Lippmann M, Mok MS, Berman M, 
Gonzalez H. Vecuronium for 
outpatiert surgery S134 
see Tsai SK 
see Wang JJ 
Lippmann SB, see Couture LJ 
Litwer CA, ses Hartwell PW 
Lobes PF, see <oldberg ME 
Lock RL, see [edigo NW 
Logas WG, see Tuman KJ 
Lonergan M, se2 Durkan W 
Long CW, see Shah NK 
Loomis JL, see Bussel! GB 
Loubser PG, Saurkey P, Dimitrijevic M. 
Control a= chronic spasticity 
following; spinal cord injury using 
intrathecd morphine $135 
Beric A, Herszkowicz I, Dimitrijevic M. 
Effects cf diagnostic spinal 
anesthesiz in chronic pain following 
spinal cord injury $136 
Loughlin CJ, see Desiderio DP 
Louie GL, see 32ch BD 
Lowe J, see Hi] R 
Lucas LL, see C-uture LJ 
Lucas WJ, see “sey MR 
Lumsden J, see Milligan KR 
Maass L, see GE son BE 
Machado AF, =: Cohn ML 
Mahoney LT, s- Murray DJ 
Malinow AM, Lpkriski BLK, Wakefield 
ML, McGuinn WJ, Martz DG, 
Desverreax JN ut, Matjasko MJ. 
Does pH edjustmen reverse 
nesacain2 antagonism of 
postcesarean epidural fentanyl 
analgesié? S137 
Mokriski BLK, Wakefield ML, McGuinn 
WJ, Martz- DG, Desverreaux JN m, 
Matjasko [4]. Anesthetic choice 
affects pc&cesarean epidural 
fentanyl amalgesia S138 
Mammen EF, see Marcovitz MJ 
Mani M, see Surcay GJ 
Manninen PH, Lam AM, Nantau WE. 
Monitoring of somatosensory 
evoked pə entials during temporary 
arterial occusion in cerebral 
aneurysm :urgery $139 
Marcovitz MJ, &rith PC, Brown M, Bloom 
R, Mammen EF. Hemostasis 
markers in cardiac surgery patients 
following postoperative 
autotrans-“Lsion $140 
Marcus M, see Eperring SJ 
Marcus MA, see Khalil SN 
Mardekian J, see Seltzer JL 
Marr AT, see Goldberg ME 
see Larijani G3 


AUTHOR INDEX 


Marshall JJ, Orth JL, Smith KW, Peters JL, 
Hastings WL. Electrocardiographic 
placement of a multiorifice central 
venous catheter S141 

Davy TA, Hastings WL, Smith KW, 
Orth JL, Peters JL. Aspiration flow 
rate determines air retrieved after 
venous air embolism in dogs $142 

Martineau R, see Kitts JB 

Martz DG, see Malinow AM 

Marwin R, see Thys DM 

Mason J, see Porter SS 

Mathes SA, see White PF 

Mathias RS, see Carvalho JCA 

Matjasko MJ, see Malinow AM 

Matteo RS, see Ornstein E 

Mayer R, see Murkin JM 

Mayhall CG, see Chrusciel C 

Maze M, Prokocimer PG, Vickery RG, 
Kraemer FR, Gandjei RK, Hoffman 
BB. Molecular mechanism for 
halothane-induced f-adrenergic 
hyporesponsiveness in vitro S143 

see Birch BD 

see Segal IS 

see Vickery RG 

Mazloomdoost M, see Tabatabai M 

see Weber S 

Mazze RI, see Fujinaga M 

McBurney R, see Kitts JB 

McCarthy RJ, see Tuman KJ 

McDonald J, Kuperwasser B, Nunziata E, 
Boudoulas H. Effect of anesthesia 
induction in the relation between 
electrical and electromechanical 
systole and diastolic time $144 

McDonald JL, see Murkin JM 

McDonald N, see Chung F 

McGehee J, see Edwards TL 

McGill WA, see Broadman LM 

McGuinn WJ, see Malinow AM 

McIntee DF, see Bloor BC 

see Vercellino CE 

McIntyre RW, see Hall BC 

see Schwinn DA 

Mckay W, see Frank ED 

McNulty B, see Goudsouzian N 

see Miler V 

McNulty BS, see Brandom BW 

see Woelfel SK 

McSweeney TD, see Howie MB 

see Kuperwasser B 

see Stock MC 

see Suntay G] 

Meagher LL, see Benzon HT 

Medert HA, Arndt JO. Nalbuphine 
antagonized fentanyl-induced 
analgesic and cardiorespiratory 
effects in the same dose range in 
dogs $145 

Eggersmann C, Arndt JO. 
D-ALA?-D-LEU®-enkephalin 
induced cardiorespiratory and 
analgesic effects resemble those of 


AUTHOR INDEX 


opioid mu-agonists in awake dogs 
$146 
Mehta MP, see From RP 
Melendez J, Cirella V, Dodds T. Lumbar 
epidural analgesia post-thoracic 
surgery $147 
Lamb J, Rose E, Delphin E. Noncardiac 
surgery in heart transplant 
recipients in the cyclosporine era 
S148 
Melgarejo AB, see Cronau LH jr. 
Menk EJ, see Blanchard J 
Meredith JW, see Roy RC 
Merin RG, see Cronau LH jr. 
Micheli LJ, see Berde CB 
Michula S, see Katende R 
Mikula S, see Thys DM 
Milde JH, see Lanier WL 
Miler V, Goudsouzian N, Griswold J, 
Embree P, Eberly C, DiFronzo S, 
Snyder H, Barsamian M, Foster V, 
McNulty B. Dose response of 
mivacurium in pediatric patients 
$149 
see Goudsouzian N 
Miletich DJ, see Riegler FX 
Miller RD, see Futó J 
Milligan KR, Lumsden J, Howard RC, 
Howe JP. Dundee JW. A 
comparison of auditory evoked 
potentials and psychomotor testing 
for assessing recovery from 
midazolam sedation S150 
Milmoe G, see Broadman LM 
Mirenda JV, see Spielman FJ 
Mok MS, see Lippmann M 
see Tsai SK 
see Wang JJ 
Mokriski BLK, see Malinow AM 
Monts J, see Adcock D 
Moore J, Ghaly RG, Flynn R, Dundee JW. 
General anesthesia for cesarean 
section. Supplementation with 
either isoflurane or halothane $151 
see Flynn RJ 
Moore SS, see Drummond JC 
Mora CT, Torjman M, White PF. Effects of 
diazepam and flumazenil on 
sedation and hypoxic ventilatory 
response $152 
Morita K, see Hartwell PW 
Moser M, see Gold MI 
Moskowitz GJ, see Nussmeier NA 
Moss J, see Aronson S 
see Futó J 
Muldoon SM, see Edwards TL 
Murad SH, see Hsu E 
Murat I, Housmans PR. Isoflurane is 
definitely a less potent myocardial 
depressant than either halothane or 
enflurane in isolated ventricular 
myocardium $153 
see Housmans PR 
Murata K, see Nakagawa I 


Murkin JM, Farrar JK, McDonald JL, 
Cleland A, Mayer R. Lowered 
perfusion flow rates during 
hypothermic cardiopulmonary 
bypass do not impair cerebral 
oxygenation $154 

Murphy K, see Murray DJ 

Murray DJ, Olson J, Strauss R. Packed red 
cells for blood replacement: when is 
FFP required? $155 

Murphy K, Forbes RB, Mahoney LT. 
Cardiovascular effects of halothane 
and isoflurane in infants: the effect 
of nitrous oxide $156 

Murray K, see Howie MB 

Nacino I, see Stanec A 

Nagle S, see Hines R 

Nakagawa I, Kitahata LM, Murata K, 
Omote K, Collins JG. Spinal 
mechanism of clonidine analgesia 
and its synergism with morphine 
$157 

Nantau WE, see Manninen PH 

Navalgund A, see Tabatabai M 

Negri L, see Weber W 

Nelson PS, see Stanley TH 

Nichols RJ jr, see Talke P 

Niehoff JM, see Heard SO 

Nishimura RA, see Villamaria FJ 

Noon GP, see Suignard LJ 

Norfleet EA, see Isley MR 

Norris MC, see Goldberg ME 

Nosaka S, Kamaya H, Wong KC. Local 
anesthetic toxicity on vascular 
muscle contractility: 1. Myosin and 
calmodulin-dependent myosin light 
chain kinase S158 

Nunziata E, see McDonald J 

Nussmeier NA, Lambert ML, Moskowitz 
GJ, Weiskopf RB, Cohen NH, Eger 
EI II. Washin and washout of 
isoflurane during cardiopulmonary 
bypass 5159 

Nuutinen LS, see Khalil SN 

O'Loughlin K, see Casey WF 

Oh TH, see Hughes C 

Okutani R, Koski G, Gelb C, Schneider R, 
Philbin D. High dose sufentanil 
does not prevent catecholamine 
resporises to hypothermic 
cardiopulmonary bypass S160 

Oliver SB, see Gibson BE 

Olofsson CI, see Sessler DI 

Olson J, see Murray DJ 

Olund T, see Dhamee MS 

Omote K, see Nakagawa I 

Ong BY, see Keane E 

Ornstein E, Matteo RS, Weinstein JA, 
Young WL. The effect of 
maintenance dose vecuronium on 
metocurine induced neuromuscular 
blockade $161 

see Young WL 

Orth JL, see Marshall JJ 


ANESTH ANALG 
1988;67:S269-79 


$275 


see Peters JL 
Osborn IP, see Phan CQ 
Ostapkovich N, see Silvay G 
see Young WL 
Ozanne GM. see Drasner K 
Pace NL, see Bailey PL 
Palahniuk Ri, see Keane E 
Paloheimo MP, see Smith BJ 
Pandit U, see Wilton NCT 
Panzer S, see Lackner F 
Parker F, Ramabadran K, Ramanathan S, 
Turndorf H. Pharmacokinetics of 
epidural morphine in obstetrical 
patients $162 
Parris WCV. see Kambam JR 
Partridge C, see Hughes SC 
Pataky AO, Kitz DS, Andrews RW, Lecky 
JH. Nausea and vomiting following 
ambulatory surgery: are all 
procedures created equal? $163 
Patel BS, se2 Suignard LJ 
Patel RI, see Broadman LM 
see Hannallah RS 
Paulissian F., see Salem MR 
Paulsen AW, Whitten CW, Ramsay MAE, 
Swygert T, Klintmalm G. Patients 
presenting for hepatic 
transplantation: comparison of 
typical and low cardiac index 
grouvs S164 
Valek TR. Lambert GS, Hargadine WL. 
Mass spectrometry as a more cost 
effeccive general purpose monitor 
than pulse oximetry S165 
Peach MJ, see Johns RA 
Pedigo NW, Walmsley PN, Kasten GW, 
Lock RL. Relative cardiotoxicity of 
the long-acting local anesthetics 
bupivacaine and ropivacaine in 
dogs S166 
Pelligrino DA, Peterson RD, Albrecht RF. 
Cisternal CSF morphine levels and 
ventilatory depression following 
epidural administration of morphine 
sulfate in the awake dog S167 
see Colavita RD 
see Riegler FX 
Pennant JH, see Lamont BJ 
Perz RR, Johnson DL, Shinozaki T. Spinal 
anesthesia for outpatient surgery 
S168 
Peterdes JL, see Marshall JJ 
Peters JL, Smith KW, Hayes JK, Collette 
DJ, Orth JL. Physiologic monitoring 
from the trachea: development of a 
multimonitor endotracheal tube 
$169 
Peterson FD, see Pelligrino DA 
Pfeifer BL, Sernaker HL, Porges SW. 
Respiratory sinus arrhythmia: an 
index of anesthetic depth? S170 
Phan CQ, Azar I, Osborn IP, Salter OR, 
Lear E. The quality of epidural 
mo-zphine analgesia following 


S276 ANESTH ANALG 
1988;67:5269-79 


epidural anesthesia with 
choloroprocaine or choloroprocaine 
mixed with epinephrine for 
cesarean delivery $171 
Azar I, Osborn IP, Salter OR, Lear E. 
The quality of epidural morphine 
analgesia following epidural 
anesthesia with lidocaine or 
chloroprocaine for cesarean delivery 
$172 
Philbin D, see Okutani R 
Phillips G. Continuous infusion epidural 
analgesia in labor: the effect of 
adding sufentanil to 0.125% 
bupivacaine $173 
Phipps J, see Rogers AT 
Pinaud M, see Lepage JY 
Plezia P, see Cork RC 
Pollard J, see Hill R 
Poppers PJ, see Hovagim AR 
see Katz RI 
see Schwartz AE 
?orges SW, see Pfeifer BL 
?orter SS, Black D, Mason J, Reckling FW. 
Use of somatosensory evoked 
responses for detection and 
prevention of nerve injury during 
total hip arthroplasty $174 
’owar M, see Brose WB 
’owers DM, see Weber S 
’reston P, Hughes S, Dailey P, Ross B, 
Glosten B, Rosen M, Shnider S. 
Fetal effects of induction agents in 
the hemorrhaged maternal ewe 
$175 
'revoznik SP, see Stanley TH 
tohovnik I, see Young WL 
rokocimer PG, see Maze M 
rough DS, see Bowton DL 
see Rogers AT 
see Stump DA 
see Whitley JS 
uill T, see Glass PSA 
tuill TJ, Glass PSA, Beach CA. Efficacy of 
vecuronium by continuous infusion 
with either isoflurane or 
fentanyl-nitrous oxide anesthesia 
S176 
uinn TJ, Weissman C, Kemper M. 
Continuous trending of fick 
variables in I.C.U. patients: a role 
for VO, S177 
aad C, see El Naggar MA 
amabadran K, Donenfeld R, Ramanathan 
S, Turndorf H. Postpartum plasma 
ADH and beta endorphin levels 
following duramorph S178 
see Parker F ` 
ımamurthy S, see Blanchard J 
unanathan J, Ricca DM, Sibai BM, Angel 
JJ. Epidural vs general anesthesia in 
fetal distress with various abnormal 
fetal heart rate patterns $180 
Chauhan D, Sibai BM. The use of 


labetalol for attenuation of 
hyperter sve response to 
endotrachzal intubation in 
preeclampsia $181 
Ramanathan S. Epidural anesthesia in 
diabetic oFstetrical patients $179 
see Parker F 
see Ramabad-an K 
Ramasubraman‘en R, Rawle PR, Verma R. 
Attenuaton of psychological effects 
of ketam-re anesthesia by 
midazolax: a dose-response study 
$182 
Rampil I, see Weskopf RB 
Rampil IJ, Brown J, Weiskopf RB, Eger EI, 
Johnson 3H, Holmes M, Donegan 
JH, Cahaen M. Comparison of the 
EEG effect . of 1653, isoflurane and 
enflurane ñ pigs $183 
see Rupp SM 
see Weiskopf IB 
Ramsay MAE, =- Paulsen AW 
Ramsbacher L, :@ Rosen D 
Ranieri T, see Caster WL 
Rasanen J, see H=wie MB 
Rawal N, see Khalil SN 
Rawle PR, see Fanasubramanian R 
Raymond RN, s2c Hall BC 
Reckling FW, se2 Porter SS 
Reich D, see Thze DM 
Reich DL, Konstit SN, Hubbard M, Thys 
DM. DO Tændelenburg and 
passive lez raising improve cardiac 
performace? S184 
Reves JG, see Caxighwell N 
see Hill R 
see Schwinn Ce. 
Reynolds AC, sœ- Dhamee MS 
Reynolds PI, see “anderspek AFL 
Ricca DM, see Ramanathan J 
Rice MJ, Springmen SR, Hjelmhaug JA, 
Southard JE. The effect of 
verapamil cr post-ischemic rabbit 
renal func-i-on during fentanyl 
anesthesia £185 
Richard RB, see Russell GB 
Riegler FX, Pelligrmo DA, Miletich DJ, 
Albrecht RF Morphine conjugates 
and ventiletory depression in the 
dog S186 
Ring WS, see DosEnd T 
Ritter RR, see AGoock D 
Robson NJ, see Sorring SJ 
Rocco A, see Fram! ED 
Rockoff M, see Vozs S 
Roerig DL, see Koirly KJ 
Rogers AT, Prougt DS, Stump DA, 
Angert KC 3utterworth JF, Phipps 
J, Hinshelvcod L, Charles D. 
Hypercarb& depresses cerebral 
oxygen corsimption during 
hypotherm-c cardiopulmonary 
bypass S187 
see Stump DA 


AUTHOR INDEX 


Rcizen MF, see Aronson $ 
Rese E, see Melendez J 
Rcsen D, Rosen K, Coveler L, Ramsbacher 
L, Saleem A. A comparison of 
anesthetic induced platelet 
dysfunction between fluothane, 
ethrane and isoflurane $188 
see Wilton NCT 
Rosen K, see Rosen D 
Rosen M, see Preston P 
Ross B, see Preston P 
Rossi NP, see Gomez MN 
see Symreng T 
Roth S, see Aronson S 
see Ebrahim Z 
Rothfusz ER, Kitz DS, Andrews RW, 
Aukburg SJ, Lecky JH. O, SAT, HR 
and MAP among patients receiving 
local anesthesia: how low/high do 
they go? S189 
Rov RC, Stafford MA, Hudspeth AS, 
Meredith JW. Failure of fresh frozen 
plasma to reduce blood loss and 
blood replacement after 
cardiopulmonary bypass $190 
Royster RL, see Butterworth JF 1v 
Rubinstein EH, see Sessler DI 
Rudd GD, see Larijani GE 
Ruiz J, see Salem MR 
Rupp SM, Wickersham J, Rampil JJ, 
Wilson CB, Donegan JH. Effect of 
anesthetics on hypertensive 
response to cerebellar retraction 
during posterior fossa surgery $191 
Russell GB, Snider MT, Richard RB, 
Loomis JL. Analysis of nitrous oxide 
as a sole anesthetic in humans in 
hyperbaric conditions $192 
see Bevacqua BK 
Russell M, see Chrusciel C 
Rutter T, Tuttle D. Tens: are we making 
the best use of this modality in 
chronic pain therapy? $193 
Sacks DJ, see Geld MI 
Sale2zm A, see Rosen D 
Salem MR, Paulissian R, Joseph NJ, Ruiz 
J, Klowden AJ. Effect of deliberate 
hypotension on arterial to peak 
expired carbon dioxide tension 
difference $194 
Salter OR, see Phan CQ 
Sanford T, see Kurkl T 
Santantonio M, see Weinberg S 
Sarner JB, see Brandom BW 
see Woelfel SK 
Sastry BVR, see Kambam JR 
Savarese JJ, see Basta SJ 
Scamman FL, see From RP 
Scheller MS, Jones BL, Benumof JL. The 
influence of fresh gas flow and I/E 
ratio on tidal volume and PaCO, in 
anesthetized patients $195 
see Fleischer JE 
Schelling G, see Weber W 


pri 


AUTHOR INDEX 


Schisler JQ, see Stock MC 
Schneider R, see Okutani R 
Schreiber JF, see Weinger MB 
Schubert A, see Chester WL 
Schulte am Esch J, see Kochs E 
Schulz E, see Lackner F 
Schwartz A, see Basta SJ 
Schwartz AE, Tuttle RH, Poppers PJ. 
Altered EEG response to isoflurane 
in the elderly S196 
Schwartz JS, see Kitz DS 
Schwartz S, see Durkan W 
Schwinn DA, McIntyre RW, Hawkins ED, 
Reves JG. Effect of ejection fraction 
on alpha,-adrenergic responsiveness 
during coronary artery bypass graft 
surgery S197 
McIntyre RW, Xuan YT, Watkins WD. 
Atrial naturiuretic peptide levels in 
response to phenylephrine pressor 
challenge during coronary artery 
bypass graft surgery S198 
Seals CF, see Futó J 
Segal IS, Dose VA, Sheridan BC, Vickery 
RG, Maze M. Does medetomidine 
decrease anesthetic requirements 
through both pre and postsynaptic 
alpha, adrenoreceptors? $199 
see Vickery RG 
Segal R, see Tabatabai M 
Sellman GL, see Broadman LM 
Seltzer JL, Bartkowski RR, Azad SS, 
Goldberg ME, Mardekian J, Beach 
C, Larijani GE. Cardiovascular 
effects of pipecuronium bromide 
under balanced anesthesia S200 
see Clark SK 
see Goldberg ME 
see Larijani GE 
Senra WG, see Carvalho JCA 
Sernaker HL, see Pfeifer BL 
Sessler DI, Olofsson CI, Chow F. Lower 
esophageal contractility predicts 
movement during skin incision; 
vecuronium does not decrease the 
MAC of halothane 5201 
Olofsson CI, Rubinstein EH, Beebe J. 
The thermoregulatory threshold in 
humans during halothane 
anesthesia $202 
see Beebe J 
Sethna NF, see Berde CB 
Shafer A, see Doze VA 
Shafron D, see Glass PSA 
Shah JB, Simpson GT 1, Skerman JH. 
Presence of carbon monoxide in 
anesthesia circuit with laser 
bronchoscopy: a new hazard $203 
Shah NK, DiResta GR, Arbit E, Bedford 
RF. Regional cerebral blood flow in 
malignant supratentorial tumors vs 
normal brain $204 
Bedford RF. Requisite fresh gas flows 
for the bain and ADE circuits 


during controlled ventilation in 
adults $205 ; 

Long CW, Bedford RF. “Delta-shift”: an 
EEG sign of awakening during light 
isoflurane anesthesia S206 

see Desiderio DP 

Shapiro BA, see Benzon HT 

Shapiro HM, see Cole DJ 

see Fleischer JE 

Sharkey P, see Loubser PG 

Sheridan BC, see Segal IS 

Shibutani K, Komatsu T, Lees DE. 
Monitoring surgical stress by 
spectral analysis of arterial pressure 
variations $207 

Shields CB, see Smith BJ 

Shinkman PG, see Isley MR 

Shinozaki T, see Perz RR 

Shnider S, see Preston P 

Short HD, see Suignard LJ 

Shulman DL, Cohen AH, Godfrey S. 
Respiratory compliance measured 
by volume recruitment in children 
anesthetized with halothane $208 

Sibai BM, see Ramanathan J 

Siegelman R, see Kaufman J 

Silins AI, see Tuman KJ 

Silvay G, Grossbarth D, Kuni D, 
Ostapkovich N, Kaplan JA. Lower 
esophageal contractility and 
assessment of depth of anesthesia 
during open heart surgery S209 

Simpson GT 11, see Shah JB 

Sinisi NJ, see Sperring SJ 

Sisti MB, see Young WL 

Sitar DS, see Keane E 

Skerman JH, see Shah JB 

Sloan TB, Blasco TA. Median nerve 
evoked potentials do not predict 
pneumocephalus in the sitting 
position 5210 

see Fugina ML 

Smith BJ, Couture LJ, Shields CB, 
Paloheimo MP, Edmonds HL jr. 
Cortical motor evoked potentials 
produced by magnetic stimulation— 
initial study $211 

Smith CE, Donati F, Bevan DR. 
Dose-response relationships of 
edrophonium and neostigmine as 
antagonists of deep and moderate 
atracurium blockade 5212 

Wiesel S, Donati F, Bevan DR. 
“Priming” with neostigmine: failure 
to accelerate reversal of single 
twitch and train-of-four responses 
$213 

see Casey WF 

Smith DS, see Zahl K 
Smith KW, see Hayes JK 
see Marshall JJ 

see Peters JL 

Smith NT, see Kurkl T 
Smith PC, see Marcovitz MJ 


ANESTH ANALG 
1988;67:S269-79 


$277 


Smith R, see Cork RC 
Smith RB, see Bell GC 
Snider MT, see Russell GB 
Snyder H, se2 Miler V 
Snyder HL, see Goudsouzian N 
Snyder MM, Cork RC, Watt RC. A 
comparison of derived parameters 
used in electroencephalography 
$214 
Soliman IE, see Broadman LM 
Solomon RA, see Young WL 
Sonnenklar N, see Katende R 
Sosis M, see Goldberg ME 
Souron R, see Ganansia MF 
Southard JH, see Rice MJ 
Sperring SJ, Sinisi NJ, Robson NJ, 
Hamilton-Dykes V, Marcus M, 
Fallon K, Stanley T. Sufentanil plus 
low-dose ketamine, the ideal 
induction mixture? $215 
Sperry RJ, see Stirt JA 
Spielman FJ, Kafer ER, Mirenda JV. 
Evaluation of the reflectance 
photometer (ghucometer II) for 
intraoperative blood glucose 
determination $216 
Spiess BD, see Tuman KJ 
Springman SR, see Rice MJ 
Stafford MA, see Roy RC 
Stanec A, Nacino I, Baker T. Routine 
monitoring of neuromuscular 
function $217 
Stanley T, see Sperring SJ 
Stanley TH, Nelson PS, Prevoznik SP, 
Gore G. Initial experiences of the 
National Committee for 
Anes-hesiology Review S218 
see Bailey PL 
see Khalil SN 
Starker P, see Weissman C 
Starr J, see Kamal GD 
Starr NJ, Estafanous FG, Wong D, Koehler 
LS, Eednarski M. Comparison of 
cardiovascular effects of 
pipecuronium vs. vecuronium in 
patients for coronary surgery 5219 
Steenberg ML, see Cronau LH jr. 
Stehling LC, Zauder HL, Fromm B, 
Esposito B. The incidence of 
postoperative nausea and vomiting 
$220 
see Zauder HL 
Stein BM, see Young WL 
Stemmer EA, see Wong DH 
Stirt JA, Sperry RJ, DiFazio CA. 
Cimetidine and succinylcholine: 
potential interaction and effect on 
neuromuscular blockade in man 
$221 
Stock MC, Schisler JQ, McSweeney TD. 
The CO, rate of rise during apnea 
in anesthetized humans with airway 
obstruction $222 
Stohler CS. see Vanderspek AFL 


$278 ANESTH ANALG 


1988;67:S269-79 


Stommel KA, see Cheng EY 
see Lauer KK 
Strauss R, see Murray DJ 
Stump DA, Rogers AT, Prough DS, 
Gravlee GP, Wallenhaupt S. 
Spontaneous decline of cerebral 
blood flow during hypothermic 
cardiopulmonary bypass 5223 
see Bowton DL 
see Rogers AT 
Su JY, see Krane EJ 
Suignard LJ, Patel BS, Chelly JE, Jeroudi 
MO, Hartley CJ, Noon GP, Short 
HD, Bolli R. Myocardial function 
assessment during cardiopulmonary 
bypass surgery 5224 
Sunder N, see Fahmy NR 
Suntay GJ, Howie MB, Mani M, Frolicher 
D, Hodges M. Effects of verapamil 
and diltiazem pretreatment on 
potassium release in dogs following 
succinylcholine $225 
Howie MB, Lingam R, McSweeney TD. 
Time related renal consequences of 
cardiopulmonary bypass $226 
see Howie MB 
Swygert T, see Paulsen AW 
Symreng T, Gomez MN, Johnson B, Rossi 
NP. Intrapleural bupivacaine vs 
saline after thoracotomy—effects on 
pain and lung function—a double 
blind study $227 
see Gomez MN 
Tabatabai M, Kirimli B, Wong K, 
Mazloomdoost M, Drobycki T, 
Segal R, Tadjziechy M, Navalgund 
A, Desai R. CPK, LDH and their 
isoenzymes in the perioperative 
period $228 
Tabsh K, see Hsu E 
Tadjziechy M, see Tabatabai M 
Talke P, Nichols RJ jr, Traber DL. 
Evaluation of pulse oximetry for 
intraoperative blood pressure 
measurement and vital sign 
monitoring during patient transport 
via life flight S229 
Traber L, Herndon D, Traber D. 
Increase in extravascular lung water 
and decrease in lung lymph flow 
resulting from positive end 
expiratory pressure $230 
Tateishi A, see Fleischer JE 
Taylor L, see Zahl K 
Thiagarajah S, Christenson E, Azar I, Lear 
E, Keats M. The effect of 
trimethaphan—nitroprusside 
mixture on intracranial pressure in 
cats S231 
Thomas DR, see Couture LJ 
Thomas SJ, see Chester WL 
Thys DM, Konstadt SN, Reich D, Hillel Z, 
Keusch D, Gettes M, Guffin A, 
Kaplan JA, Mikula S, Marwin R. 


The efec-s of a new muscle 
relaxart. doxacurium, on leit and 
right vea-ticular performance $232 
see Reich DL 
Toleikis JR, see 3enzon HT 
Torjman M, s= Mora CT 
Traber D, see Telke P 
Traber DL, see “alke P 
Traber L, see Take P 
Treede RD, see <ochs E 
Tremper KK, =æ- Lee SE 
see Wong DH 
Trouwborst A, Erdmann W, Wernberg M, 
Corssem C. Decrease in sensitivity 
to ketazime in war-wounded: 
inciden=2 and counteracting effect 
of pentazc cine $233 
Ts’ao C, see Eeezon HT 
Tsai SK, Mok M3, Hung HL, Lippmann 
M. Anaisesic effect of intrathecal 
ketamire rn primates $234 
Tschann JM, sæ Cohen NH 
Tullock WC, Dana P, Cook DR, Wilks 
DH, Bremcom BW, Beach CA. High 
dose vecaconium: onset and 
duration 235 
Tuman KJ, Kean- DM, Silins AI, Spiess 
BD, Mci thy RJ, Ivankovich AD. 
Effect o: agh dose fentanyl on fluid 
and vas22-essor requirements after 
cardiac -amery 8236 
McCarthy R, Lankovich AD. Does 
pulmon x% artery catheterization 
improve sætcome in high risk 
cardiac :uical patients? 5237 
McCarthy RL Iankovich AD. 
Periopectie hemodynamics using 
midazolazrketamine for cardiac 
surgery 5238 
Spiess BD, McCarthy RJ, Logas WG, 
Ivankov-ch AD. Effects of 
intraope-etve arteriovenous 
hemofilt.ton during orthotopic 
liver tracsflantaion $239 
Tunic P, see Chester WL 
Turndorf H, se2 Earker F 
see Ramabadrar K 
Tuttle D, see Rater T 
Tuttle RH, see sclewartz AE 
Tverskoy M, Fl2/:hman G, Bradley EL jr, 
Kissin I. }idazolam-Thiopental 
Anesthefic synergism in patients 
$240 
Vacanti CA, Vacamti FX. Sodium 
thiopentel b treat fentanyl induced 
muscle riaicity 5241 
Vacanti FX, see Yecanti CA 
Vaghadia H, Jemsms LC, Ford RW. 
Compariscr of end-tidal CO, and 
four clinical signs for the detection 
of esophegeal intubation in rodents 
$242 
Valek TR, see Paasen AW 
Valeri CR, see Heard SO 


AUTHOR INDEX 


Vanderspek AFL, Fang WB, Ashton-Miller 
JA, Stohler CS, Reynolds PI. Mouth 
opening reduction associated with 
succinylcholine during enflurane 
anesthesia S243 

Vasconez LO, see White PF 

Veilleux L, see Kitts JB 

Vercellino CE, Flacke WE, Flacke JW, 
McIntee DF, Bloor BC. 
Hemodynamic and hormonal effects 
of alfentanil and midazolam in dogs 
S244 

Verma R, see Ramasubramanian R 

Vickery RG, Doze VA, Segal IS, Maze M. 
Halothane MAC is stereospecifically 
reduced by medetomidine, an 
alpha, agonist S245 

see Birch BD 
see Maze M 
see Segal IS 

Villamaria FJ, Abel MD, Nishimura RA. 
Can transesophageal 
echocardiography provide useful 
information in real time in the 
operating room? 5246 

Voss S, Rockoff M, Brustowicz R, Caceras 
A. Oxygen saturation in children 
following administration of rectal 
methohexital 5247 

van Heeckeren DW, see Dauchot PJ 

Wakefield ML, see Malinow AM 

Wallace DH, see Lamont BJ 

Wallenhaupt S, see Stump DA 

Walmsley PN, see Pedigo NW 

Wang JJ, Mok MS, Lippmann M. 
Comparative analgesic efficacy of 
epidural nalbuphine; butorphanol, 
meperidine and morphine 5248 

Wardell GC, see Weiler RL 

Watkins J, Dosland T, Estrin JA. Changes 
in pulmonary vascular impedance 
of heart transplant recipients after 
cardiopulmonary bypass 5249 

see Dosland T 

Wackins WD, see Schwinn DA 

Watt RC, see Snyder MM 

Way WL, see White PF 

Weakly JN, see Goldberg ME 

see Hall BC 

Weber S, Powers DM, Byers RS, 
Mazloomdoost M. Does age affect 
use of the priming principle for 
rapid intubation? S250 

Weber W, Bach P, Wildgans H, Negri L, 
Schelling G, Jaenicke U. Anesthetic 
considerations in patients with 
cardiac pacemakers undergoing 
extracorporeal shock wave 
lithotripsy $251 

Weeks SK, see Casey WF 

Weiler RL, Wardell GC. Hemodynamnic 
study of epidural clonidine in 
awake sheep 5252 

Weinberg S, Santantonio M. 


AUTHOR INDEX 


Barbiturate-induced electrocortical 
activation following 
narcotic-induced EEG depression 
$253 
Weinger MB, Schreiber JF, Koob GF. RO 
15-4513 antagonizes barbiturate but 
not halothane anesthesia $254 
Weinstein JA, see Ornstein E 
Weir S, see Chrusciel C 
Weiskopf RB, Holmes MA, Eger EI 1, 
Johnson B, Rampil I, Brown J, 
Cahalan M. Cardiovascular actions 
and MAC of a new inhalation 
anesthetic, 1653, in swine $255 
Brown J, Rampil IJ, Eger EI 1, Holmes 
MA, Johnson BH. 1653, a new 
inhalation anesthetic, does not 
sensitize swine myocardium to 
exogenous epinephrine $256 
see Nussmeier NA 
see Rampil JJ 
Weiss LB, see Cork RC 
Weissman C, Chuter T, Starker P. The 
effects of chemostimulation and 
posture on postoperative respiratory 
patterns 5257 
see Quinn TJ 
Wernberg M, see Trouwborst A 
White PF, Vasconez LO, Mathes SA, Way 
WL. Comparison of midazolam and 
diazepam as adjuvants to ketamine 
for sedation during monitored 
anesthesia care $258 


see Doze VA 
see Mora CT 
Whitley JS, Prough DS, DeWitt DS. Shock 
plus an intracranial mass in dogs: 
cerebrovascular effects of 
resuscitation fluid choices $259 
Whitten CW, see Paulsen AW 
Wickersham J, see Rupp SM 
Wiesel S, see Smith CE 
Wilbert DM, s2e Jantzen JP 
Wildgans H, see Weber W 
Wilks DH, see Tullock WC 
Williams JJ, see Goldberg ME 
Willits NH, see Bennett HL 
Wilson CB, see Rupp SM 
Wilton NCT, Leigh J, Rosen D, Pandit U. 
Intranasal midazolam premedication 
in pre-school children S260 
Witton PK, see Jantzen JP 
Woelfel SK, Brandom BW, Sarner JB, 
Horn M, Dong ML, Cook DR, 
Davis PJ, Foster VJ, McNulty BS. 
Potency of mivacurium chloride 
(BW B1090U) during 
halothene-nitrous oxide anesthesia 
in children $261 
see Brandom BW 
Wong D, see Starr NJ 
Wong DH, Tremper KK, Stemmer EA, 
Zaccari J. Non-invasive cardiac 
output two measurment methods 
compared with thermodilution and 


ANESTH ANALG 
1988;67:S269-79 


S279 


the importance of measured heart 
rate and ejection time $262 
Wong K, see Tabatabai M 
Wong KC, see Nosaka S 
Wu X, see Gelb AW 
see Lam AM 
Xuan YT, see Schwinn DA 
Yeston NS, see Heard SO 
Yogaratnam G, see El Naggar MA 
Young ML, see Zahl K 
Young WL, Prohovnik I, Ornstein E, Sisti 
MB, Solomon RA, Stein BM, 
Ostapkovich N. Cerebral perfusion 
during arteriovenous malformation 
resec-ion S263 
see Ornstein E 
Zaccari J, see Wong DH 
Zahi K, Bray C, Taylor L, Bagshaw RJ, 
Your.g ML, Davis RA, Smith DS. 
Does transcutaneous electrical 
nerve stimulation provide pain 
relief after lumbar laminectomy? 
S264 
Zauder HL, Stehling LC, Fromm B, 
Esposito B. Influence of narcotics on 
recovery room stay and analgesic 
requirements 5265 
see Stehling LC 
Zech BA, see Isley MR 
Zornow MH, see Fleischer JE 
Zornow MH, Tateishi A, Scheller MS. The 
electroencephalographic effects of 
laudanosine in a rabbit model of 
epilepsy 5266 


$280 ANESTH ANALG 
1988;67:5280-3 


Age 
neuromuscular relaxants, and the 
priming principle 5250 
Air, see Embolism 
Alfentanil, see Analgesics 
Alphaprodine, see Analgesics 
Aminophylline, see Pharmacology 
Analgesics 
alfentanil, effects with and without 
midazolam in dogs $244 
alphaprodine, hemodynamic effects in 
pregnant ewes S97 
fentanyl 
high-dose induction and the EEG S101 
treatment for muscle rigidity 5241 
meperidine 
efficacy vs nalbuphine, butorphanol, 
morphine S248 
for shivering during cesarean section 
$27 
morphine 
and canine ventilatory depression 
S186 
clinical study of intrathecal 
administration $102 
and delayed ventilatory depression in 
dogs $167 
postpartum effects S178 
postpartum pharmacokinetics $162 
and reduction of MAC of halothane 
552 
use after epidural anesthesia for 
cesarean delivery S172 
sufentanil 
vs alfentanil for ambulatory surgery 
$122 
and catecholamine response to 
cardiopulmonary bypass S160 
infusion vs bolus, pharmacodynamics 
S40 
infusion vs bolus, pharmacokinetics 
$39 
and IOP from succinylcholin2 $5 
and membrane oxygenators during 
cardiopulmonary bypass S54 
teratogenicity vs alfentanil in rats S66 
Anatomy 
epidural space, two-catheter 
radiographic evaluation $35 
Anesthesia 
cardiovascular 
after diazepam during CABG surgery 
$45 
drug comparisons for aortocoronary 
bypass 532 
effect of ejection fraction during 
bypass graft surgery $197 
hypercarbia during cardiopulmonary 
bypass $187 
isoflurane vs. sufentanil for CABG 
surgery S29 


Subject Index 


midazolar:—ketamine $238 
and myocerdial function assessment 
$224 
perfusion Jew rates and oxygenation 
$154 
electroconvu sve therapy, monitoring 
seizure duration S42 
intravenous 
etomidate 7: sufentanil for coronary 
artery bypass surgery S25 
propofol v+ ‘hiopental-isoflurane $74 
neurologic, ect on hypertension 
during surgery S191 
obstetric 
and diabetes $179 
drug compazison of effects on oxygen 
saturation after cesarean section S24 
drug comp »āson and postcesarean 
analgesia £138 
epidural brfivacaine plus sufentanil 
S173 ` 
epidural sp-ead and epinephrine 526 
and epilepsy S3 
fetal effects cf induction agents in 
ewes S173 
isoflurane vs halothane for cesarean 
section S751 
post-cesarezr uterine tone and blood 
loss S126 
transcutane1s electrical nerve 
stimulaticr S99 
patient satisfaction, assessment of S34 
pediatric 
epidural vs g=neral in fetal distress 
$180 
for cardioptlmonary bypass in 
hyperglye@-nic patients 598 
selecting end stracheal tube size S92 
preoperative ce, unnecessary testing 
in PSI and L >atients S116 
urologic . 
lithotripsy S13, S82, $103, 5251 


Anesthetics, gas2: 


nitrous oxide 
alone in hype-baric humans $192 
effects on cerebral blood flow and 
metabolism_S36 


Anesthetics, intra~enous 


fentanyl 
effects after xerdiac surgery S236 
and renal efi=<t of verapamil in rabbits 
$185 
ketamine 
analgesic effec in primates $234 
psychological 2ffects with midazolam 
$182 
tolerance derdopment and 
pentazocire- $233 
use in pediatr= outpatients S85 
propofol 
central respim-ory effects S6 


SUBJECT INDEX 


concentration required to supplement 
nitrous oxide $51 
thiopental, -midazolam interaction 5240 
Anesthetics, local 
bupivacaine, functional and metabolic 
effects in rat hearts vs lidocaine 543 
2utectic mixtures, evaluation for topical 
analgesia in children $21 
ropivacaine, cardiotoxicity vs 
bupivacaine S166 
toxicity, and vascular muscle 
contractility 5158 
Z-chloroprocaine, effects of 
alkalinization on postcesarean 
analgesia $137 
Anesthetics, volatile 
halothane 
B-adrenergic hyporesponsiveness $143 
adenosine agonist in rats S16 
and digitalis toxicity in dogs S68 
effects on contractile proteins in rabbit 
myocardium S120 
MAC and medetomidine $245 
thermoregulatory threshold 5202 
1453 
and exogenous epinephrine in pigs 
$256 
MAC in pigs S255 
isoflurane 
altered EEG response in the elderly 
$196 
EEG effects vs 1653 and enflurane in 
pigs S183 
vs halothane with nitrous oxide S156 
influence on tolerance to ischemia vs 
halothane S90 
interference with myocardial 
relaxation vs enflurane and 
halothane 593 
mechanism of vasomotor changes S56 
myocardial effects vs halothane or 
enflurane $153 
washin and washout S159 
Anesthetic techniques 
epidural 
lidocaine and epinephrine for 
cesarean section S23 
morphine after cesarean delivery S171 
hypotensive 
effect on alveolar dead space S194 
labetalol vs nitroprusside S58 
trimethaphan-nitroprusside in cats 
$231 
obstetric, changes in a-1 acid 
glycoprotein during labor S61 
regional 
effects on intraoperative physiologic 
data S189 
intercostal block S57 
sympathetic block 514 
spinal 


SUBJECT INDEX 


in chronic pain after spinal cord injury 
S136 
for outpatient surgery 5168 
Antagonists 
miscellaneous, RO-154513 $254 
neuromuscular 
edrophonium vs neostigmine in 
atracurium blockade S212 
neostigmine 5213 
Antagonists, narcotic 
nalbuphine, cardiorespiratory effects 
with fentanyl in dogs $145 
Apnea, see Ventilation 
Arrhythmias, see Heart 
Arterial waveform, see Measurement 
techniques 
Artery 
mammary, effect of routine probing in 
dogs $105 
Aspiration, see Complications, lung 
Atracurium, see Neuromuscular relaxants 
Atrial nariuretic peptide, see Polypeptides 
Auditory evoked potentials, see Brain 
Auditory nerve, see Ear 
Autotransfusion, see Transfusion 
Benzodiazepines, see Hypnotics 
Blood 
hemodilution, a comparison of diluents 
$100 
platelets, anesthetic-induced dysfunction 
$188 
replacement, hydroxyethyl starch $124 
transfusion, fresh frozen plasma, and 
physician education 57 
Blood flow, see Individual organs 
Brain 
auditory evoked potentials, vs 
psychomotor testing of sedation S150 
blood flow 
during arteriovenous malformation 
resection 5263 
decline during cardiopulmonary 
bypass $223 
effect of malignancy $204 
effects of nicardipine and 
nitroprusside $125 
influence of anesthetics on response 
to hypoxic hypoxemia S70 
electroencephalography 
and awakening during isoflurane 
anesthesia 5206 
barbiturates and narcotic-induced 
depression $253 
during cardiovascular bypass S1 
to measure depth of anesthesia $214 
motor evoked potentials, 
magnetically-induced $211 
neurophysiologic monitors, comparisons 
in monkeys with cerebral ischemia 
$72 
sensory evoked potentials 
and pain under general anesthesia 
$118 
and pneumocephalus 5210 


somatosensory evoked potentials, and 
nerve injury during hip arthroplasty 
$174 
somatosensory evoked responses, 
effectiveness of monitoring $139 
Bupivacaine, see Anesthetics, local 
Burns, see Complications 
Butorphanol, see Analgesics 
BW A938U, see Neuromuscular relaxants 
CABG, see Anesthesia, cardiovascular 
Surgery, cardiovascular 
Calcitonin, see Pharmacology 
Calcium, see Ions 
Capnometry, see Measurement techniques 
Carbon dioxide 
absorbant, bacterial contamination and 
reuse $31 
Cardiac output, see Heart 
Measurement techniques 
Cardiovascular, see Anesthesia 
Surgery 
Cardiovascular bypass, see Anesthesia, 
cardiovascular 
Surgery, cardiovascular 
Catheterization, see Measurement 
techniques 
Central venous catheterization, see 
Measurement techniques 
Cerebral blood flow, see Brain 
Cesarean section, see Anesthesia, obstetric 
2-chloroprocaine, see Anesthetics, local 
Circuits, see Equipment, anesthesia 
circuits 
Clonidine, see Sympathetic nervous 
system, pharmacology 
Compliance, see Heart 
Lungs 
Ventilation 
Complications 
burns, effects of wound excision S81 
obesity, preoxygenation S76 
Coronary artery bypass, see Anesthetics, 
cardiovascular 
CPK, see Enzymes 
Diazepam, see Hypnotics, 
benzodiazepines 
Doppler, see Measurement techniques 
Doxacurium, see Neuromuscular relaxants 
Ear 
hearing, acquisition of information 
during general anesthesia S12 
ECT, see Anesthesia, electroconvulsive 
Edrophonium, see Antagonists, 
neuromuscular 
Electroconvulsive therapy, see Anesthesia 
Electroencephalography, see Measurement 
techniques 
Embolism 
air, and aspiration flow rate in dogs 
$142 
Enflurane, see Anesthetics, volatile 
Enzymes 
CPK, LDH, and their perioperative 
isoenzymes S228 


ANESTH ANALG 
1988;67:S280-3 


$281 


Epidural, see Anatomy 
Anesthetic -echniques 
Equipment 
anesthesia circuits, comparison of 
efficiency S205 
gas delivery systems, survey of Iowa 
hospitals S121 
tourniquets, metabolic changes caused 
by pain cf $13 
Esmolol, see Sympathetic nervous system, 
pharmacology 
Esophageal Doppler, see Measurement 
. techniques 
Esophageal impedance, see Measurement 
techniques 
Esophagus, see Gastrointestinal tract 
Etomidate, see Anesthetics, intravenous 
Eutective mixtures, see Anesthetics, local 
Evoked potentials, see Brain 
Fentanyl, see Analgesics 
FFP, see Transfusions, fresh frozen plasma 
Frozen plasma, see Transfusions, fresh 
frozen plasma 
Fumazenil, see Hypnotics, 
benzodiazepines 
Gas delivery systems, see Equipment 
Gastrointestinal tract 
esophagus 
contractility and anesthetic depth 
$201, 5209 
stomach 
effects of cimetidine and 
metoclopramide S109 
fasting intervals in children S59 
metoclopramide, inhibitory effect on 
plasma cholinesterase activity S107 
Glucose, see Measurement techniques 
Guanfacine, see Pharmacology 
Halothane, see Anesthetics, volatile 
Hearing, see Ear 
Heart 
arrhythmias, and anesthetic depth S170 
function, 2ffect of anesthesia induction 
$144 
myocardium, effects of infarction and 
hemodilution S117 
nimodopine, hemodynamic effects in 
cats after cardiac arrest S60 
pharmacclogy, verapamil S46 
transplan-ation 
effects of cardiopulmonary bypass on 
recipients $249 
hemodynamics after cardiopulmonary 
bypass S49 
noncardiac surgery with cyclosporine 
$148 
prebypass changes in pulmonary 
vascular impedance S50 
Hemodilution, see Blood 
Hydroxyethyl starch, see Blood, 
replacement 
Hyperthermia 
malignant 
and IV dantrolene in children $133 


$282 ANESTH ANALG 


1988;67:5280-3 


patient susceptibility S10 
Hypnotics 
benzodiazepines 
diazepam and flumazenil for hypoxia 
$152 
diazepam vs midazolam with 
ketamine 5258 
midazolam $260 
midazolam and cardiovascular 
changes with nitrous oxide $44 
midazolam, effect on somatosensory 
evoked potentials S65 
Hypotension, see Anesthetic techniques, 
hypotensive 
1-653, see Anesthetics, volatile 
Induction 
anesthesia 
narcotics $95 
sufentanil plus ketamine $215 
anesthetic 
methohexital S247 
sigmoidorectal methohexital in 
children $113 
Interactions, drug 
morphine, -diazepam interaction in rats 
$114 
Intercostal nerve block, see Anesthetic 
techniques, regional 
Intubation 
tracheal 
detection methods in rodents $242 
nasal $110 
Ions 
calcium, postoperative systemic and 
pulmonary vascular effects 541 
magnesium, and cerebral blood flow 
autoregulation in lambs $112 
potassium 
effect of adrenergic blockade after 
succinylcholine in dogs S89 
effects of B-adrenergic blockade after 
succinylcholine $63 
levels in stored blood $38 
Isoflurane, see Anesthetics, volatile 
Ketamine, see Anesthetics, intravenous 
Kidney 
blood flow, during hypotension with 
fenoldopam in dogs S4 
Labetalol, see Sympathetic nervous 
system, pharmacology 
Labor, see Anesthesia, obstetric 
Laser, see Surgery, bronchoscopy 
Laudanosine, see Neuromuscular 
relaxants, atracurium 
LDH, see Enzymes 
Lidocaine, see Anesthetics, local 
Lithotripsy, see Anesthesia, urologic 
Liver 
transplantation 
effects of intraoperative hemofiltration 
$239 
typical vs low cardiac index S164 
Lung 


metabolic furion, uptake of lidocaine, 
diazepam 2n4 thiopental $119 
Lungs 
aspiration, us2 Of cimetidine in obstetric 
anesthesia SO 
Magnesium, see ons 
Malignant hyperzhermia, see 
Hyperthe-nia 
Mammary, see A-tery 
Mass spectrometsy, see Measurement 
techniqus 
Measurement sez 1niques 
arterial waveorn, relation to global 
cardiac pesfjanance S91 
capnometry, ec-uracy and ventilatory 
frequency 35= 
cardiac outpLL =omparison of methods 
$262 
central venore vatheters, placement 
$141 
esophageal Ccppler, accuracy during 
early hemcr-Lage in pigs S106 
esophageal, i.pedance cardiography 
$88 
glucose, reflec ance photometer S216 
mass spectromery, cost effectiveness vs 
pulse oxim27r~ S165 
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neuromuscule: unction, routine 
monitoring £A7 
oxygen, use cf Fick variables $177 
pulmonary arery catheterization, in 
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for evaluation of arterial blood flow 
$94 
during open teart surgery S123 
palmar circ ion $129 
reliability duziag thoracic surgery 547 
during tran-pcrt via helicopter $229 
radionuclide 
effects of pro2>2fol and fentanyl on left 
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effects of pro22fol on left ventricular 
function EIR 
spectral analysis, for surgical stress $207 
transesophagea: 2chocardiography, in 
real time dura surgery S246 
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recall, effect of -i-k-specific consent 
forms S33 
Meperidine, see analgesics 
Methohexital, sæ Enduction, anesthesia 
Metoclopramide s-e Gastrointestinal 
tract, stor €c 
Midazolam, see HŁypnotics, 
benzodiaz22mes 
Mivacurium, see ‘“Guromuscular relaxants 
Morphine, see Ara gesics 
Motor evoked pcf2 tials, see Brain 


SUBJECT INDEX 


Multimonitor endotracheal tube, see 
Measurement techniques 
Nalbuphine, see Analgesics 
Narcotics, see Analgesics 
National Committee for Anesthesiology 
Review, see Organizations 
Nausea, see Vomiting 
Neostigmine, see Antagonists, 
neuromuscular 
Neuromuscular relaxants 
atracurium 
effects laudanosine on EEG in rabbits 
S266 
and methylguanidine antagonism S87 
vs pancuronium and vecuronium with 
sufentanil S48 
vs vecuronium with carbamazepine 
therapy 555 
BW A938U, and isoflurane S9 
comparison, in coronary artery disease 
in dogs $104 
doxacurium 
bolus doses in children S80 
cardiac effects $232 
combined with isoflurane S73 
for intubation with enflurane 5128 
mivacurium 
and coronary artery disease S84 
dose response in children S149 
potency with halothane-nitrous oxide 
in children $261 
requirements during halothane or 
narcotic anesthesia in children 520 
vs succinylcholine in outpatient 
surgery S77 
pidecuronium 
cardiovascular effects S200 
neuromuscular blockade $8 
succinylcholine 
and atracurium in suppression of 
fasciculations 586 
and pancuronium in dogs 5127 
potential interaction with cimetidine 
$221 : 
predictability with nondepolarizing 
neuromuscular blocks $115 
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enflurane S243 
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high dose $235 
high vs low dose for intubation S111 
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S67 
interactions with succinylcholine in 
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Neurosurgery, see Surgery 
Nimodipine, see Heart 
Nitroglycerine, see Pharmacology 
Nitrous oxide, see Anesthetics, gases 
Obesity, see Complications 
Obstetrics, see Anesthesia, obstetric 
Organizations 
National Committee for Anesthesiology 
Review, initial experiences 5218 
Otolaryngology, see Surgery 
Oximeter, see Measurement techniques 
Pain 
intraoperative, safety of intrapleural 
bupivacaine S78 
postoperative 
drug comparison for subcostal incision 
S62 
effects of bupivacaine vs saline $227 
thoracic surgery S147 
TENS 
for chronic pain $193 
usefulness after laminectomy S264 
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relaxants 
Patient satisfaction, see Anesthesia 
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end-expiratory pressure 
Peridural, see Anesthetic techniques, 
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Pharmacology 
ca-citonin, canzer pain management S17 
guanfacine, and halothane in dogs 518 
nitroglycerine, and pulmonary 
vasodilation measurements 596 
theophylline, effect on response to 
hypoxemia S19 
Pipecuronium, see Neuromuscular 
relaxants 
Plasma, see Transfusion 
Platelets, see Blood 
Polypeptides 
atrial naturiuretic hormone, effects of 
phenylephrine pressor challenge S198 
enkephalin, comparison with opiod 
-agonists in dogs $146 
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Trendelenburg, effect on cardiac 
performance S184 
. Positive end-expiratory pressure, see 
Ventilation 
Potassium, see [ons 


Preoperative evaluation, see Anesthesia 
Propofol, see Anesthetics, intravencus 
Pulse oximetry, see Measurement 
techniques 
Radionuclide, see Measurement 
techniques 
Recovery 
postoperative, influence of narcotics 
$265 
Relaxants, see Neuromuscular relaxants 
RO 154513, see Antagonists, 
miscellaneous 
Satisfaction, see Anesthesia, patient 
satisfaction 
Shock 
resuscitation, comparison of fluids in 
dogs 5259 
Soda lime, see Carbon dioxide, absorbant 
Somatosensory evoked potentials, see 
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Spectral analysis, see Measurement 
techniques 
Spinal, see Anesthetic techniques, spinal 
Spinal cord 
injury 
effect of subarachnoid naloxone $37 
morphine for chronic spasticity $135 
ischemia, effect of increases in plasma 
glucose on neurologic outcome S53 
Stomach, see Gastrointestinal tract 
Succinylcholine, see Neuromuscular 
relaxants 
Sufentanil, see Analgesics 
Surgery 
bronchoscopy, laser $203 
cardiovascular, nonpulsatile time and 
renal dysfunction $226 
Surgery, otolaryngologic 
tonsillectomy, blood loss and 
postoperative pain in children $22 
Sympathetic block, see Anesthetic 
techniques, regional 
Sympathetic nervous system 
pharmacology 
clonidine combined with morphine 
$157 
epidural clonidine in sheep S252 
esmolol 571 
esmolol bolus followed by infusion 
S75 
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esmolol and nitroprusside in dogs 
5108 
labetalol for intubation in 
preeclampsia $181 
medetomidine S199 
TENS, see Pain 
Theophylline, see Pharmacology 
Thiopental, see Anesthetics, intravenous 
Tonsillectomy, see Anesthesia, 
otolaryngologic 
Tourniquets, see Equipment 
Toxicity, see Anesthetics, local 
Transcutaneo.s electrical nerve 
stimuletion, see Pain, TENS 
Transfusion 
autotransfusion, use of hemostasis 
markers S140 
blood, fresh frozen plasma after 
cardiopulmonary bypass S190 
Fresh frozen plasma, indications $155 
washed cells, effect on blood 
components S79 
Transplantation, see Individual organs 
Trendelenburg, see Position 
Urology, see Anesthesia, urologic 
Vecuronium, see Neuromuscular relaxants 
Ventilation 
apnea 
CO, rate of rise during anesthesia 
$222 
and oleic acid injection in dogs S11 
compliance, with halothane in children 
5208 
mechanical, effects of fresh gas flow on 
tidal volume S195 
PEEP, in management of respiratory 
failure $230 
postoperative 
effects of chemostimulation and 
posture S257 
monitoring after epidural opiod 
administration $28 
Verapamil, see Heart 
Pharmaco_ogy 
Vomiting 
comparison of ambulatory procedures 
$163 
droperidol vs lidocaine S30 
incidence $220 
Washed cells, see Transfusion 
Waveform analysis, see Measurement 
techniques, arterial 
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TRACRIUM® INJECTION 
(atracurium besylate) 


Briet Summary 
This drug should be used only by adequately trained individuals familiar with its actions, character- 
istics, and hazards. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It should be used 
only with adequate anesthesia . 


Tracrium Injection, which has an acid pH, should not be mixed with alkaline solutions (e.9.. 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous infu- 
sion through the same needle. Depending on the resultant pH of such mixtures, Tractium may be 
inactivated and a free acid may be precipitated 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine, 
the possibility of substantial histamine release in sensitive individuals must be considered. Special 
caution should be exercised in administering Tracrium to patients in whom substantial histamine 
release would be especially hazardous (e.g.. patients with clinically significant cardiovascular dis- 
ease) and in patients with any history (e.g., severe anaphylactoid reactions or asthma} suggesting a 
greater risk of histamine release. In these patients, the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered siowly or in divided doses 
over one minute 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range, 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation. As a 
result, bradycardia during anesthesia may be more common with Tracrium than with other muscle 
relaxants 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert syndrome, 
or other neuromuscular diseases in which potentiation of nondepolanizing agents has been noted 

The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis 


The safety of Tracrium has not been established in patients with bronchial asthma 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include 
enflurane; isoflurane; halothane; certain antibiotics, especially the aminoglycosides and polymyxins, 
lithium; magnesium salts; procainamide; and quinidine 


lf other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered 


The prior administration of succinylcholine does not enhance the duration, but quickens the onset 
and may increase the depth of neuromuscular blockade induced by Tracrium. Tracrium should not be 
administered until a patient has recovered from succinylcholine-induced neuromuscular blockade 


Carcinogenesis, Mutagenesis, Impairment of Fertility: 4 positive response was observed in the 
mouse lymphoma assay under conditions which killed over 80% of the treated cells. A far weaker 
fesponse was observed in the presence of metabolic activation at concentrations which also killed 
over 80% of the treated cells 


Pregnancy: Jeratogenic Effects: Pregnancy Category C. Tracrium has been shown to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-ha'f the human dose. There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: It is not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation of 
the newborn will be necessary The possibility that forceps delivery wil be necessary may increase 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, although 
small amounts of Tracrium were shown to cross the placental barrier The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during 
which a neuromuscular blocking agent has been administered. In patients receiving magnesium 
Sulfate, the reversal of neuromuscular blockade may be unsatisfactory and Tracrium cose should be 
lowered as indicated 


Nursing Mothers: It is not known whether the drug is excreted in human milk, Caution should be 
exercised when Tracrium is administered to a nursing woman 


Pediatric Use: Safety and effectiveness in children below the age of 1 month nave not been 
established 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracnum produced few adverse reactions during extensive 
clinical trials. Most were suggestive of histamine release (see Precautions Section). The overall 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% 


Most adverse reactions were of little clinical significance unless they were associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equa! to 30% observed in 530 
patients, without cardiovascular disease, were as follows: in those patients given the recommended 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2:8% and 
decreased in 2.1% of patients while the heart rate increased in 2.8% of these patients. At doses of 
= 0.60 mg/kg. 14.3% of the studied patients had a decrease in mean arterial pressure while 4.8% 
had an increase in heart rate. At doses = 0.30 mg/kg, mean arterial pressure increased in 1.9% and 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients, 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom of 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances, 
were severe (e.g., Cardiac arrest); Musculoskeletal: inadequate, prolonged block; Cardiovascular: 
hypotension, vasodilatation (flushing), tachycardia, oradycardia, Aespiratory: dyspnea, broncho- 
spasm, laryngospasm; /ntegumentary: rash, urticaria, injection site reaction 
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TRACRIUM® (atracurium besyla‘e) Response is predictable, even with multiple 


Injection is meaningfully different from all injections or long periods of continuous 
other neuromuscular blockers. TRACRIUM infusion,’ allowing you additional time for 
is inactivated in plasma by two pathways, patient monitoring. 

Hofmann elimination and ester hydrolysis, 

that act independently of liver or kidney E More Predictable Recovery 

function. This unique metabolism can With TRACRIUM, you can feel 

result in superior control and makes possible: confident of a predictable conclusion to 


neuromuscular blockade. And your 
patients can be in the recovery room faster. 


E More Predictable Dosing 


The unique metabolism of TRACRIUM E More Predictable, Superior Control 


eliminates the need for age-related desage 


TRACRIUM is an excellent agent for 


adjustments.' Valuable time is not lost administration by repeated bolus injection 
making dosage calculations. or continuous infusion. The lack of 
cumulative effects of TRACRIUM by 
E More Predictable Response infusion makes possible a smooth, steady- 
Repeated equipotent doses of level relaxation without the need for 
TRACRIUM, administered at equal multiple maintenance bolus doses 
intervals, have no cumulative effect.’ throughout a long procedure. 
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See brief summary of prescribing information on next page 
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